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John W. Hirt, Class of '49 

speaks from experience when he says. 


“U. S. Steel offers an interesting and 
challenging future in a key industry.” 



Following graduation with a B.S. de¬ 
gree in 1949, Mr. Hirt went directly 
to the Irvin Works of United States 
Steel as an operating trainee. U.S. 
Steel trainees are given extensive 
training as well as practical experi¬ 
ence in many phases of the steel 
industry. In this way, they are fully 
prepared to accept responsibilities as 
they move up. Just 16 months after 
starting as a trainee, John Hirt was 
advanced to Relief Foreman—Roll¬ 
ing, in the 80" Hot Strip Mill. He 
found the job, “one of the most in¬ 
teresting processing sequences in 
modern industry.” 

Two years ago Mr. Hirt was pro¬ 
moted to General Foreman — Hot 
Strip Finishing. In this capacity, he 
says, “I am responsible for coordi¬ 


nating the many finishing processes 
required to produce hot rolled strip.” 
Mr. Hirt now supervises a labor 
force of over 300 men in finishing 
45,000 tons of hot sheets and coils 
per month. He sees a need for “a 
wide range of talents necessary to 
fill the great variety of vital jobs in 
the steel industry. There’s a solid 
future in steel,” says Mr. Hirt. 

If you are interested in a challeng¬ 


ing and rewarding career with 
United States Steel and feel that you 
can qualify, you can obtain further 
information from your college place¬ 
ment director. Or, we will gladly 
send you our informative booklet, 
“Paths of Opportunity,” upon re¬ 
quest. Just write to United States 
Steel Corporation, Personnel Divi¬ 
sion, Room 1622, 525 William Penn 
Place, Pittsburgh 30, Pa. 



SEE THE UNITED STATES STEEL HOUR. It’s a full-hour TV program 
presented every other week by United States Steel. Consult your local 
newspaper for time and station. 


UNITED STATES STEEL 


AMERICAN BRIDGE . . AMERICAN STEEL & WIRE and CYCLONE FENCE . . COLUMBIA-GENEVA STEEL . . CONSOLIDATED WESTERN STEEL . . GERRARD STEEL STRAPPING . . NATIONAL TUBE 
OIL WELL SUPPLY . . TENNESSEE COAL & IRON . . UNITED STATES STEEL PRODUCTS . . UNITED STATES STEEL SUPPLY . . EWvfii om of UNITED STATES STEEL CORPORATION, PITTSBURGH 
UNITED STATES STEEL HOMES, INC. • UNION SUPPLY COMPANY • UNITED STATES STEEL EXPORT COMPANY • UNIVERSAL ATLAS CEMENT COMPANY 5-2098 





A highly unusual application of industrial mathe¬ 
matics. This string-suspended structure is a mechani¬ 
cal analogue of a differential equation illustrating a 
theory of why automobile brakes squeal. The engi¬ 
neers are observing the period of oscillation set up by 
an air stream blowing up through the vaned members 
to obtain values for substituting in the equation. 



engineers 

in action 



I ots OF times an engineer must interpret an ordi- 
-i nary problem in an unusual way to get the best 
results—as these General Motors engineers are doing. 

So when a young engineering senior seeks to join 
GM’s technical staff, the balance is weighed in 
his favor if he shows imagination, initiative, 
adaptability. 

And that’s true whether he happens to be a Chemical 
Engineer, Electrical Engineer, Mechanical Engineer, 
or whatever. For there’s a broad range of opportu¬ 
nities where so many different products are made 
— automobiles, trucks, tanks, Turbo-Prop airplane 
engines, Diesels, earth-moving machines, home 
appliances—we can’t hope to list them all here. 


Ves, opportunity is the middle name of a company 
like GM, that operates 34 separate manufacturing 
divisions throughout the United States, and plants 
in 64 cities. 

If you’d like to know more about plant locations, 
training programs, chances for advancement in GM, 
you’ll enjoy reading a valuable 136-page handbook 
called, “job Opportunities in General Motors .” 

Why not ask to examine a copy in your school library 
or placement office, and then arrange an interview 
with our college representative soon as possible? 

GM Positions Now Available in These Fields: 

ELECTRICAL ENGINEERING • CHEMICAL ENGINEERING 
MECHANICAL ENGINEERING • AERONAUTICAL ENGINEERING 
METALLURGICAL ENGINEERING • INDUSTRIAL ENGINEERING 


General Motors 
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Q: What has this to do with the aircraft industry 
—and you? 

A: It may have plenty to do with both. Here’s 
how: 

Football teams are judged by scoring ability in 
top competition—teamwork, form, ability, strategy, 
class. So, too, are aircraft companies. 

Martin has created one of the finest engineering 
teams in the whole world of aviation. And under 
the new Martin concept of design and development 
by team operation, every engineering problem— 
from today’s experimental contract to the frontier 
problems of the future—is the target for a coor¬ 
dinated “aerial attack” by a top-flight team of 
specialists. 

Result: Martin’s team operation technique has 
opened up important opportunities for young 
creative engineers. 

Contact your placement officer or J. M. Hollyday, 
The Martin Company, Baltimore 3, Maryland. 
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IN THIS ISSUE 



On our cover this month is Earnest 
C. Watson, Professor of Physics and 
Dean of the Faculty at Caltech, photo¬ 
graphed in the middle of his demon¬ 
stration lecture on “The Nature of 
Sound.” This lecture positively does 
not include any voodoo rites or incan¬ 
tations ; as a matter of fact, on our 
cover Dean Watson is standing at a 
ripple tank, having just made some 
ripples to show how sound radiates. 
A light under the tank reflects on a 
large screen behind the demonstrator. 

On page 19 of this issue you’ll find 
a short history of the Friday Evening 
Demonstration Lecture at Caltech, and 
pictures of a few of the demonstration 
lecturers—which all go to prove that 
there’s a little ham in every good edu¬ 
cator. (As an indication of what a 
little showmanship can do: Plant 
Physiologist Arthur Galston used to 
give a mildly popular Friday Evening 
Demonstration Lecture every year, en¬ 
titled “Day Length in Plants.” Last 
year he changed the title to “Day- 
Length and Sexual Activity in Plants.” 
Result? Full house.) 

Note that most of the photographs of 
the demonstration lecturers were taken 
by Tom Harvey, Lab Technician in 
Physics, who makes a lot of the ma¬ 
terials and sets up all the demonstra¬ 
tion lectures. Aside from this—as any¬ 
one can tell by his pictures—Tom 
Harvey is a professional photographer. 
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(A message from IBM —where progress is engineered) 



Wherever your degree leads you after graduation, you’ll see a 
broad variety of IBM machines making unbelievably short work 
of complex data processing chores . . . providing more complete 
and more accurate information faster . . . influencing your work 
and your life in countless ways. For example— 

In your work, IBM equipment can solve, 

in minutes, engineering problems that once demanded 

long weeks, months, and even years! 

The food you eat may be processed and 
distributed more cheaply with the accounting controls 
made possible by IBM equipment. 

Better shelter and lower-cost fuels can come 
your way aided by the many IBM data processing 
and accounting machines in mining, steel 
fabricating, and utility companies. 

In health matters, too —in medical research, 
government health statistics and hospital administration 
—IBM methods make important contributions. 

You’ll travel better because IBM equipment is 
speeding improvements in all forms of transportation. 

You’ll get better buys, better service with 

the widespread and growing use of IBM techniques 

in manufacturing, distribution, retailing. 

National defense, law and order, voting registra¬ 
tion, paycheck preparation —even weather pre¬ 
diction—are other areas in which IBM techniques 
get things done better, faster. You’ll be seeing a 
lot of IBM—working, living . . . wherever facts 
and figures help you prosper. 


IBM’s world leadership in data processing has been 
achieved largely through creative engineering. At 
IBM’s modern laboratories, creative freedom in a pro¬ 
fessional atmosphere stimulates young engineers to 
make important and rewarding contributions. If you 
would like further information about engineering at 
IBM, talk with your college placement director, or just 
drop a line to William Hoyt, IBM, 590 Madison Ave., 
New York 22, N.Y. 


IBM 


_—. 


World’s largest producer of 
electronic data processing machines, 
electric typewriters, and 
electronic time equipment. 
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ie Lockheed Missile Systems Division 


Advanced Study Program for 


ASTER OF SCIENCE DEGREES 

in science and engineering 

versity of California at Los Angeles * University of Southern California 


Graduate Study Council offers an Advanced Study Program to enable qualified 
idividuals to obtain Master of Science Degrees. Under this program the participants 
re employed in their chosen fields of research and development at Lockheed 
fissile Systems Division while concurrently pursuing graduate study. 

ble Students must be U.S. citizens or members of the Armed Services being 
onorably separated and holding B.S. Degrees in Physics, Applied Mathematics, 
Electrical Engineering, Mechanical Engineering or Aeronautical Engineering. 

sufficient number of qualified students apply, as many as 100 awards will be granted, 
ents are invited to contact their Placement Officer for additional information. 


GRADUATE STUDY COUNCIL 


m/mb MISSILE SYSTEMS DIVISION 











ELEMENTS OF 
HYDRAULIC ENGINEERING 

By Ray K. Linsley, Jr., 
and Joseph B. Franzini 
McGraw-Hill, New York 


IN MEN WITH 
IMAGINATION! 


Reviewed by Norman H. Brooks, 

Asst. Prof, of Civil Engineering 

Professors Linsley and Franzini of 
Stanford have produced an unusual 
elementary book covering all the 
principal phases of hydraulics engi¬ 
neering encountered by civil engi¬ 
neers. It is unique in that it attempts 
to show the common basis of the 
subjects of irrigation, water supply, 
hydroelectric power, river naviga¬ 
tion, drainage, sewerage and sewage 
treatment, and flood control—all of 
which are rarely treated in a single 
book. It is intended to be a text¬ 
book for undergraduates and not a 
comprehensive reference book for 
practicing engineers. 

The first section of the book deals 
with the fundamentals of hydrology 
and water law; the second section in¬ 
cludes chapters covering basic hy¬ 
draulic structures, hydraulic ma¬ 
chinery, and economic aspects of 
hydraulic projects. The third section 
treats the various hydraulic engi¬ 
neering fields (enumerated above), 
all of which are based to some ex¬ 
tent on the subject matter covered in 
the first two sections. It is an ex¬ 
cellent approach, for the student 
should learn the fundamentals of all 
hydraulic engineering before narrow¬ 
ly specializing in irrigation, water 
supply, or some other specific field. 
There is no other American text¬ 
book with this arrangement of sub¬ 
ject matter. 

The book is descriptive rather than 
analytical in nature. Because of its 
b road scope, none of the subjects is 
covered thoroughly and the treat¬ 
ment is sometimes superficial and 
over-simplified. However, numerous 
references to the literature are in¬ 
cluded, so that it is not too difficult 
to find more detailed information. In 
their efforts to be all-inclusive, the 
authors are perhaps guilty of trying 
to include too many topics; for ex¬ 
ample, the section on stability of 
slopes could be better left to a soil 
mechanics textbook. 

The readers of this publication 
will be interested in the fact that 
the junior author of this fine work 
is Joseph B. Franzini, a Caltech 
alumnus, class of ’42. 


ientific laboratory 


...the nation’s most important institution for 
. the development of atomic weapons, is- 
interested in interviewing young graduate 
engineers and scientists—particularly those 
wanting to help in the development £ 
of the atomic age. 


In addition to its continuing and ever 
expanding achievement in nuclear weapons 
research, the Laboratory is now pioneering 
in the fascinating fields of nuclear power and 
nuclear propulsion. 


At the Laboratory, staff members have the 
opportunity of associating with leaders in 
research and experimentation ...of working 
with some of the Western World’s finest 
equipment and facilities... of winning 
■ecognition... of achieving advancement . 
ammensurate with ability. 

>ou would like more information about the 
aratory's career opportunities which are 
ivil service ... about the delightful climate 
■ea in which Los Alamos is located, 


send your 
inquiry to 
DEPARTMENT OF 
SCIENTIFIC PERSONNEL 
Division 5 


ulamos 

destific laboratory 
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Boeing engineers have a date with the future 


Guided missiles like this Boeing Bomarc 
IM-99 are increasingly important in 
America’s defense planning. Many kinds 
of engineers—electrical, mechanical, civil 
and aeronautical —play vital roles in de¬ 
veloping it. The knowledge they are 
gaining will be priceless in producing the 
supersonic airplanes and guided missiles 
of the future. These men explore the 
frontiers of engineering knowledge in 
rocket and nuclear propulsion, in ex¬ 
tremes of vibration, temperature and 
pressure and in many other fields. 

Boeing engineers are members of avia¬ 
tion’s top creative team, The aircraft 
they help develop will maintain the lead¬ 
ership and prestige established by the 


Boeing B-47, the present “backbone” of 
Strategic Air Command . . . the B-52, our 
giant new global bomber . . . the Bomarc 
IM-99 . . . and, most recently, the 707 
and KC-135, America’s first jet transport 
and tanker. 

At Boeing, engineers’ professional 
achievements are recognized by regular 
merit reviews and in other ways. The 
Boeing policy is to promote from within 
the organization. And Boeing is known 
as an “engineers’ company.” One out of 
every seven employees is an engineer! 
Among top management, the proportion 
is even higher. 

Equipment at Boeing is superb: the 
latest electronic computers, a chamber 


that simulates altitudes up to 100,000 
feet, splendidly equipped laboratories, 
and the new multi-million-dollar Flight 
lest Center. The world’s most versatile 
privately owned wind tunnel, at Boeing, 
is soon to be supplemented by a new tun¬ 
nel capable of velocities up to Mach 4. 

Do you want a career with one of 
America’s most solidly growing compa¬ 
nies? Do you want a chance to grow, and 
to share in the challenging future of 
flight? Then plan your career as a mem¬ 
ber of one of Boeing’s engineering teams 
in design, research or production. 

For further Boeing career information 

consult your Placement Office or write: 

JOHN C. SANDERS, Staff Engineer— Psrsonnel 
Boning Airplane Company, Seattle 14, Wash. 



Aviation leadership since 1915 


SEATTLE, WASHINGTON WICHITA, KANSAS 
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A WHIRLPOOL SPIRALS into the inlet of a model pump. This unique picture shows 
how air, a common cause of pumping trouble, was carried into the pump in . .. 


The Case of the Baffled Whirlpoo 


Some time ago, the report reached us that two 
Worthington vertical turbine pumps installed by one 
of our customers weren’t working right. They deliv¬ 
ered plenty of water, but vibrated badly and burned 
out bearings. 

The customer asked us to find the trouble fast. 
After checking we knew the pumps were okay, so 
Worthington Research had to answer him. 

First thing we did was build a one-tenth scale 
model of the customer’s installation. The photo 
shows what happened when we started pumping. 

A whirlpool immediately formed between the water 
surface and the pump inlet. Air, trapped in the whirl¬ 
pool and carried into the pump, was the villain in 
the case. 


The solution came with experimentation. A simple 
baffle arrangement in a side channel eliminated the 
whirlpool—and the trouble-making air. 

Chasing the gremlins from pump installations like 
this, boosting the efficiency of heat transfer in air 
conditioners, developing better seals for pumps and 
compressors — these are all in the day’s work for 
Worthington’s busy research engineers. At Worth¬ 
ington, research ranks right alongside engineering, 
production, and sales to develop better products for 
all industry. 

For the complete story of how you can fit into the 
Worthington picture, write F. F. Thompson, Mgr., 
Personnel & Training, Worthington Corporation, 
FTarrison, New Jersey. 4 25c 


See the Worthington 
Corporation exhibit in 
New York City. A lively, 
informative display of 
product developments 
for industry, business and 
the home. Park Avenue 
and 40th Street. 


See the Worthington representative when he visits your campus 

WORTHINGTON 



When you’re thinking of a good job—think high—think Worthington 

AIR CONDITIONING AND REFRIGERATION • COMPRESSORS • CONSTRUCTION EQUIPMENT • ENGINES • DEAERATORS • INDUSTRIAL MIXERS 
LIQUID METERS • MECHANICAL POWER TRANSMISSION • PUMPS • STEAM CONDENSERS • STEAM-JET EJECTORS • STEAM TURBINES • WELDING POSITIONERS 
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From college to business is a big jump. So, before deciding 
on that all-important first job, you need specific information on 
what various companies have to offer. 

Westinghouse is prepared to give it to you. In a personal 
conference, The Man With The Facts will give you a complete 
story on career opportunities at Westinghouse. 


Before deciding on your first job 
see the Westinghouse Man With The Facts 


He will tell you about its million-dollar Educational Center 
and comprehensive training program in classroom and plant 
... the many kinds of careers open . . . opportunities for further 
education and advancement, and how other graduates took 
advantage of these to reach interesting and responsible positions. 

The Westinghouse $300,000,000 expansion program is con¬ 
stantly opening up new fields and opportunities for young men. 
Let The Man With The Facts tell you about them. 


So you can size up Westinghouse, ask your Placement Officer 
to make a date with The Man With The Facts. Send now, 
for copies of booklets offered below. 



G-10292 


you CAN BE SURE. ..IF ITJ5 

Westinghouse 


Ask your Placement Officer about 
career opportunities at Westinghouse, 
or write for these two booklets: Con¬ 
tinued Education at Westinghouse (de¬ 
scribing our Graduate Study Program) 
and Finding Tour Place in Industry. 

Write: Mr. S. H. Harrison, Regional 
Educational Co-ordinator, Westing¬ 
house Electric Corporation, 410 Bush 
Street, San Francisco 8, California. 



NOVEMBER, 1955 


9 




Determine NOtit 

7o Reach Your Croat 



The choice of your career association means much to you in realizing 
your ambition. CONVAIR-FORT WORTH offers exceptionally attractive 
career opportunities worthy of investigation and consideration by every 
Engineering Graduate. 

As a division of General Dynamics Corporation, CONVAIR of Fort 
Worth occupies an important place in the long-range development of the 
Nation’s military and commercial aviation. CONVAIR’S scope of activity 
offers interesting career opportunities for men with engineering talents. 


At CONVAIR-FORT WORTH you work in ideal, air-conditioned 
surroundings. A company-sponsored, in-plant program enables candidates 
to earn graduate degrees in Engineering. CONVAIR has paid vacations, 
excellent insurance and retirement programs. Advancement is entirely on 
merit. 


Fort Worth in the Great Southwest has an abundance of community life 
of interest to college graduates — Southwest Conference athletics, excellent 
musical and theatrical bookings, seven large lakes in nearby area, year- 
around climate conducive to outdoor living and recreation. 



Writ© now for information about CONVAIR'S interest in Engineering Graduates. 

Address...H. A. BODLEY 

CONVAIR Engineering Personnel Dept 
Fort Worth, Texas 


CON VAI R 

A DIVISION OF GENERAL DYNAMICS CORPORATION 

FORT WORTH, TEXAS 


An Enlarged reprint of the above cut-out silhouette, suitable for framing 
or pinning up, will be sent free to any engineering student on request. 
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Highlights from Dr. DuBridge's 
report on the activities of the 
Institute in 1954-55 


THE PRESIDENT’S REPORT 


E NROLLMENT FIGURES are not news here at 
Caltech since we have reached our goal of a sta¬ 
bilized student body of approximately 1000. The under¬ 
graduate body numbered 578 in September 1954 and 
615 in 1955. It will fluctuate approximately between 
those limits, depending on cancellations of freshman 
admissions, academic mortality and transfers to and 
from other colleges. Graduate enrollment was 429 in 
1954 and 420 in 1955. 

Although we are fully aware of the flood of young 
people who will be overtaxing the facilities of American 
colleges and universities by 1960, the Institute, like 
many other private institutions, has decided that, in 
order to maintain high quality instruction and to avoid 
the frustration of overcrowded laboratories and class¬ 
rooms, it will maintain a nearly stable enrollment figure. 

To enlarge our laboratories and lecture rooms in order 
to expand the freshman class even only 10 percent above 
its present limit of 180 would be very difficult. To ex¬ 
pand by 20 percent would involve a major construction 


program. Although we have the problem under study, 
it now appears wiser for us to devote any building 
funds we can obtain to creating adequate facilities for 
a student body of the present size. As has been repeatedly 
pointed out, our campus is still not complete and we 
should attain completion before we seek expansion. 

The rising flood of college-age students is reflected in 
the numbers who apply for admission here each fall. 
Following the veteran flood of 1946-50, the number of 
applications reached a low point of 407 in 1951. It has 
since risen steadily. In the fall of 1955, in spite of an 
increase in tuition from $600 to $750, applicants num¬ 
bered 1165. It is from that group that we selected 180 
freshmen. 

The situation has now arisen when we must admit 
many more students than we can take care of, since 
only 55 percent of those admitted actually entered this 
September. The rest chose other institutions. We see 
no way of avoiding this difficulty, because good students 
are certain to be admitted to any institution to which 
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they apply: and many unpredictable factors, ranging 
from family ties and financial developments to com¬ 
peting scholarship offers, will determine the final choice. 

The students whom we do admit are mostly among 
the top 10 percent in the country as judged by the 
national College Entrance Board examinations; many 
are within the first 5 percent. They are students that 
every college would like to admit. (College classrooms 
may be getting more crowded every year, but there will 
always be fierce competition among the colleges for that 
top 5 percent.) 

One would think that none of these students would 
ever fail. The number who do fail here is small in 
comparison with the average college. But every single 
failure is something we take very much to heart. Some¬ 
thing other than the student’s intellectual capacity must 
have caused it. Was a scientific course not his heart’s 
desire, after all ? Did our academic practices fail to 
challenge or interest him? Did he spend too much time 
in social life, or in earning his living expenses? We are 
earnestly trying to understand each case in order to help 
each individual find the right solution to his problem. 

The Dean of Freshmen reports that the freshman 
class of 1954-55 lost only 9 of its 170 members through 
academic deficiency—about half the figure for previous 
classes. If this new low level can be maintained, it will 
signal a success in our efforts to reduce academic mor¬ 
tality. A more highly organized plan for bringing fresh¬ 
man and faculty members together is credited for a 
portion of this success. 

If our students are so well selected and if they per¬ 
form so well with such a difficult curriculum, it is 
natural to be curious about how well they do after 
graduation. Here wc turn with this question to the com¬ 
panies that employ Caltech graduates. There is no mis¬ 
taking the reply; they want more! 

One hundred and twenty prospective employers sent 
representatives to the campus to interview seniors and 
graduate students. They conducted 2437 interviews and 
collectively made from 1 to 13 offers to each student. 
These figures are, of course, typical of those to be found 
in any engineering college in these times. But the excep¬ 
tionally high regard in which Caltech alumni are held 
by these employers who seek more of the same is a 
great tribute to the quality of men who have graduated 
here. 

Graduate students 

Our graduate students are a cosmopolitan group. 
Twelve percent received their undergraduate degrees 
at foreign institutions; 32 percent from American in¬ 
stitutions east of the Mississippi; 27 percent from 
western institutions other than Caltech; and 29 percent 
from Caltech. 

About 200 new graduate students are admitted each 
year, but this year nearly 3,500 prospective students 
sent in inquiries—many of whom were discouraged from 
applying. About 750 applications were finally received. 


At the 1955 Commencement we awarded 126 BS 
degrees and 195 advanced degrees: 101 MS, 19 engi¬ 
neer’s degrees (17 AeE and 2 ME) and 75 PhD s. If 
the past is any guide, some of the leading scientists and 
engineers of the future are in that group. 

It is natural that a much higher proportion of the 
graduate than undergraduate students receive some form 
of student aid: scholarships, fellowships, or teaching or 
research assistantships. The Institute provides tuition 
scholarships to nearly half (203) of the graduate stud¬ 
ents, including many of the 197 who also hold assistant- 
ships. The Institute also administers 59 fellowship grants 
from private donors, while many students receive grants 
directly from both government and private agencies. We 
are aiming for the situation where no high quality 
graduate student need terminate his education for lack 
of opportunity for financial assistance. 

Finance 

This year was an especially fortunate one financially. 
Although a substantial excess of expense over income 
was originally anticipated, we actually ended the fiscal 
year with a surplus of $24,281. Our endowment income 
exceeded two million dollars this year, including about 
$80,000 taken into the income account from the Spald¬ 
ing Trust oil royalties. Gifts for current purposes— 
exclusive of gifts for endowment or buildings—amount¬ 
ed to $1,445,748, nearly $200,000 more than for the 
previous year. The total income available to the normal 
campus programs of instruction and research was 
$6,500,090, approximately $500,000 greater than the 
previous year. 

Thirty-five companies are now participating in the 
Industrial Associates program (each at $10,000 per 
year). Twenty-two of these 35 and also 40 other com¬ 
panies made additional grants for research, for fellow¬ 
ships or for other purposes. This rise of industrial sup¬ 
port of higher education and research in recent years 
is one of the most promising developments insuring the 
future stability of our private universities and improving 
the excellence of the public ones. 

Research 

The completion of the Norman W. Church Laboratory 
of Chemical Biology will greatly ease the space problem 
in this field and will expedite many important programs. 
Within the Church Laboratory, the equipment of a new 
special laboratory for virus research is already under 
way and will be completed as soon as funds are found. 
This will give our important virus program the special 
facilities it has long needed. 

Attention is now focused on the very critical space 
problem in chemical and electrical engineering. Plans 
for a new engineering building are now being drawn and 
funds are being sought with the aim of beginning con¬ 
struction next summer. 

The synchrotron has been undergoing the revisions 
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necessary to bring its output of electron energy from 
500,000,000 to greater than 1,000,000,000 electron volts. 
Operation at the new level is expected this fall. 

It has become apparent that the time has arrived when 
the Institute must have on campus a major digital com¬ 
puting laboratory. It is necessary to assist in a variety 
of computing programs in all the divisions; it is vital 
as an educational asset and as a tool to prosecute re¬ 
search into the design and use of electronic computing 
equipment. Funds for this purpose are being sought. 

At many points around the Institute research pro- 

RESEARCH HIGHLIG 

I N THE Annual Report of the Institute, published this 
month, the various divisions summarize their research 
activities for the year 1954-55. From these voluminous 
reports we have extracted the following highlights from 
each division. 

Biology 

F ROM THE SUBMICROSCOPIC viruses to the largest 
mammals, every living creature known to man con¬ 
tains, as components indispensable to its structure and 
function, the two classes of giant molecules known as 
proteins and nucleic acids. Every living cell in the 
human body contains myriads of molecules of these 
types. Proteins come in thousands of varieties. The one 
found in muscle, for example, is responsible for our 
movement. Many of our hormones—like ACTH—are 
protein in nature. The thousands of enzymes that make 
possible the chemical reactions responsible for life 
processes are proteins or contain them. Proteins protect 
us against disease and they are responsible for many of 
our allergies. 

In brief, almost every activity of a living organism 
is concerned with proteins. Nucleic acids are closely 
related to proteins. It is natural, therefore, that much 
of the activity of the Institute’s Division of Biology 
should center around the structures, functions and man¬ 
ner of formation of these remarkable substances. 

Members of the Division of Chemistry and Chemical 
Engineering, as well as those of the Division of Biology, 
have contributed significantly to our understanding of 
the structure of proteins. A biologically attractive hy¬ 
pothesis as to the detailed structure of the nucleic acid 
of hereditary material was formulated at Cambridge 
University a few years ago. Since then, much attention 
has been given by Institute workers to problems con¬ 
nected with the reproduction of this type of nucleic 
acid, and the manner in which it transfers information 
to a second type of nucleic acid and to cellular proteins. 

Molecular structure chemists, biochemists, geneticists, 
immunologists, and workers in many other related fields 


grams of great importance are in progress. About 530 
scholarly papers were published this year. The various 
research-supporting agencies of the Federal Government 
are contributing about $2,000,000 annually to these 
research activities. Since these agencies submit all pro¬ 
posed research projects for careful review by leading 
experts, the many grants and contracts now in force 
here are an impressive tribute to the quality of the 
Caltech research program. The very substantial support 
from private sources—foundations, corporations, and 
individuals—is an additional tribute. 


HTS 

are beginning to reach agreement on a working hypo¬ 
thesis as to what these interrelations are and how they 
are brought about. It is believed by many that units 
of heredity—genes—contain information in the form of 
one kind of nucleic acid called DNA. 

DNA is thought to be capable of duplicating itself 
systematically with each cell division, and of serving 
as a model or template from which a second nucleic 
acid, known as RNA, is constructed. 

RNA, in turn, is believed to serve as a jig or template 
against which specific proteins are constructed from 
free amino acid building blocks. On completion of these 



A model of the proposed structure for DNA, the nucleic 
acid of hereditary material. 
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Bruce II, Sage and William N. Lacey, joint directors of 
Caltech’s chemical engineering laboratory. 


specific protein molecules, they are peeled away from 
the nucleic acid template, and at the same time folded 
or turned into the shapes characteristic of enzymes and 
other specific protein molecules. 

Wide agreement on a hypothesis of such general sig¬ 
nificance to biology as this, coupled with many ad¬ 
vances in related branches of the field, suggests that 
the prospects for increasing our understanding of basic 
life processes have never been brighter. 

Chemical Engineering 

T HE PAST YEAR has seen the essential completion 
of an extraordinary program of research in the field 
of chemical engineering—a basic study of the thermo¬ 
dynamic properties of hydrocarbons, which has provided 
a great amount of fundamental information for the 
petroleum industry. 

Chemical engineering is a complex subject; it in¬ 
corporates into one field the complexities of both chem¬ 
istry and engineering, and for this reason many chemical 
engineering problems have had to be solved in a super¬ 
ficial way. It is clear, however, that these problems 
should be subjected to fundamental attack, and a pro¬ 
gram of fundamental research was begun in the Caltech 
chemical engineering laboratory over twenty-five years 
ago by Dr. William N. Lacey and Dr. Bruce H. Sage. 

This program involved the determination of thermo¬ 
dynamic. properties of hydrocarbons. One part of the 
work was completed sixteen years ago, and summarized 


in the monograph Volumetric and Phase Behavior of 
Hydrocarbons, by Sage and Lacey, which was published 
in 1939 by the Stanford University Press. The second, 
and essentially final stage in this program has now 
been completed. All of the equilibrium measurements 
on the volumetric and phase properties of pure hydro¬ 
carbons and hydrocarbon mixtures that have been 
made during the past quarter of a century in the Insti¬ 
tute laboratories have now been reduced to a systematic 
tabular and graphical form, and published by the 
American Petroleum Institute in two volumes. The sec¬ 
ond of these two volumes appeared in the spring of 
1955, as the book-length monograph, Some Properties 
of the Lighter Hydrocarbons, Hydrogen Sulfide, and 
Carbon Dioxide, by Sage and Lacey. 

Dr. Lacey, and Dr. Sage, and their associates In 
chemical engineering have now extended their interests 
to more complicated properties that do not relate to 
states of physical and chemical equilibrium; in particu¬ 
lar, problems of the transport of momentum, material, 
and energy in materials in turbulent flow, and the prop¬ 
erties of materials, such as diffusion coefficients and 
thermal conductivities, that depend upon molecular 
transport. 

Another extension of the program of fundamental 
studies in chemical engineering, in which Dr. William 
H. Corcoran is especially interested, involves the study 
of the kinetics of chemical reactions, both at atmospheric 
pressure and at elevated pressures and temperatures. 
It is expected that, through investigations along these 
lines, the workers in chemical engineering at the Institute 
will be able to make further important contributions to 
the basic principles of this subject, comparable to those 
that have been made through the investigations of the 
thermodynamic properties of hydrocarbon systems. 

Engineering 

C AVITATION, vapor bubble formation, and collapse 
due to pressure fluctuations in moving or station¬ 
ary liquids, has been a subject of continuing interest at 
the Institute for its hydrodynamic effects and for the 
material damage which cavitation bubbles cause. 

Drs. Albert Ellis, Robert T. Knapp and Milton S. 
Plesset, in particular, have been concerned with the 
material damage problems and, through theory and 
different experimental means, have sought basic under- 



Short,-exposure photograph taken in the hydrodynamics 
laboratory shows cavitation bubble at point, of collapse. 
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standing of the mechanism by which cavitation damages 
materials exposed to its action. 

Much evidence points to the collapse of a cavitation 
bubble at the surface of a test specimen of a material, 
such as steel, striking an impulsive blow of microscopic 
size but of high unit stress. Repetitive action of this 
sort in continuous cavitation appears to be responsible 
for the surface changes observable by metallurgical and 
X-ray techniques long before the occurrence of the gross 
damage characteristic of cavitation in hydraulic ma¬ 
chinery. Only recently, through techniques developed by 
Dr. Ellis, has it been possible to observe in a direct and 
quantitative manner the collapse of a single microscopic 
bubble and the impact stress produced in a test specimen. 

Dr. Ellis and Dr. George W. Sutton (PhD ’53), then 
a graduate student, developed ultra-high-speed photo¬ 
graphic methods using polarized light Lo show the pro¬ 
pagation of stress waves in an impacted plastic piece. 
These pictures are taken at the rate of approximately 
one hundred thousand a second and show a sequence 
of stress patterns from a single impact. By adaptation 
of these methods to a small cube of plastic about two 
millimeters on a side, the impact of a single bubble 
collapse and the stress pattern it produces have now 
been photographed and the magnitude of the stress 
determined. 

This is a unique accomplishment which is a direct 
experimental observation of a mechanism which until 
now has only been inferred from gross behavior. These 
results should yield new evidence on which to build an 
understanding of the basic cause of cavitation damage. 


Geology 


A MAJOR CONTRIBUTION from Caltech’s Seis- 
mological Laboratory is the magnitude scale now 
in world-wide use for describing and classifying earth¬ 
quakes. This scale is based-; upon empirical relations 



John G. Bolton heads up the Institute’s new program 
of research in the field of radio astronomy. 



Charles F. Richter checks on the recently revised for¬ 
mulas relating magnitude to energy in earthquakes. 


always subject lo revision and refinement as more data 
become available. 

A recent revision of the formulas relating magnitude 
to energy in earthquakes shows that the energy released 
is many times smaller than earlier calculated. In an 
earthquake of magnitude 6, for example, the energy 
released is less than 1 percent of what it was once 
thought to be. However, even this greatly reduced quan¬ 
tity is more than sufficient to cause widespread disaster. 
It makes no difference to earthquakes that man in his 
ignorance has formerly calculated their energy to be 
much greater than it really is. Earthquakes will go 
right on creating havoc and destruction until our know¬ 
ledge is such that we can successfully cope with this 
menace. 

An interesting facet of the new calculations is that 
Lhey show the energy released by all earthquakes in 
the world during a single year to be less than the 
energy represented by the heat conducted to the surface 
from the interior. In other words, more than sufficient 
energy to cause all earthquakes exists within the body 
of the earth. 

Physics 

I T HAS BEEN KNOWN for some time that radio 
waves come to the earth from outer space, but recog¬ 
nition of the unusual objects in the sky which are strong 
sources of radio waves has depended heavily upon co¬ 
operation with the staff of the Mt. Wilson and Palomar 
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Observatories. For several years attempts have been 
made to establish the origin of strong radio sources. 

It has recently become clear that work in the field of 
radio astronomy will provide additional information 
to our knowledge of the structure of the universe, and 
it is toward this end that a program of work in radio 
astronomy has been started at Caltech. John G. Bolton, 
who discovered the first six “radio” stars in 1948 while 
at the Commonwealth Scientific and Industrial Research 
Organization in Sydney, Australia, will direct the work, 
which will consist mainly of detailed investigations of 
the so-called radio stars, including accurate determina¬ 
tions of their positions, angular sizes, radio frequency 
spectra and, perhaps, distances. In cooperation with the 
astronomers at Mount Wilson and Palomar, it is hoped 
to secure further identification of radio stars with visual 
objects. 

Work has already started on the fabrication of elec¬ 
tronic receiving equipment and the development of 
specialized devices. The antenna system is now being 
designed and will probably consist of two steerable 
devices about 80 feet in diameter, to be mounted on a 
system of rail tracks. A search is being made for a suit¬ 
able location free from radio interference. 

Jet Propulsion Laboratory 

URING THE PAST YEAR the story of the Jet Pro¬ 
pulsion Laboratory’s participation in the develop¬ 
ment of the Corporal Guided Missile was released by 
the Army. The Corporal is a long-range supersonic 
guided missile for use against surface targets. It was 
announced as the Army’s first missile of this type to go 
into production. It was also announced that Corporal 
units have been sent to Europe. 

The development of the Corporal missile has absorbed 
approximately half of the Laboratory’s effort for the 
last five years. It has required the Laboratory to carry 
out an extensive testing program at White Sands Proving 
Ground and also to establish a rocket motor test facility 
at Edwards Air Force Base. Much of the growth of the 
Laboratory during this period has been associated with 
the Corporal project. 

Now that the Corporal is in the hands of the troops, 
the Laboratory is withdrawing from active participation 
in the program as rapidly as practicable. 

The successful completion of the Corporal is an ac¬ 
complishment in which the Laboratory can take con¬ 
siderable pride. The Army Ordnance Corps has express¬ 
ed itself as more than satisfied with the short time scale 
and modest funds expended by the Laboratory, and with 
the capabilities of the resulting weapon. 

Astronomy 

EVERAL MAJOR PROJECTS were brought to com¬ 
pletion at the Mount Wilson and Palomar Obser¬ 
vatories during the year 1954-55. 


The concept of the expanding universe originated in 
the announcement by Dr. Edwin P. Hubble, in 1929, of 
linear relationship between the velocity of recession and 
the distance of the galaxies. Since that time the obser¬ 
vatories have had in progress an extensive program to 
extend the measurement of velocity and distance to a 
large number of objects, including several at the extreme 
limit of observation with the 100-inch and later the 
200-inch telescope. 

Dr. Milton Humason has now completed the observa¬ 
tion of velocities of 620 galaxies and has found velo¬ 
cities ranging up to about 60,000 km/sec or one fifth 
of the velocity of light. A parallel program, started in 
1947 for the photoelectrical determination of the mag¬ 
nitudes of these same galaxies, has also been completed 
by Dr. Edison Pettit. These velocities and magnitudes 
provide the observational data for a critical study of 
the velocity-distance relationship now being carried out 
by Dr. Humason, Dr. Allan Sandage and Dr. Nicholas 
Mayall of the Lick Observatory. 

A second project has been the establishment of a 
precise photoelectrically determined magnitude scale. 
This project, initiated in 1947 by Dr. Joel Stebbin and 
Dr. A. E. Whitford of the Washburn Observatory, with 
the 100-inch telescope, has been completed by Dr. Wil¬ 
liam Baum, using the 100-inch and 200-inch telescopes. 
With the aid of the photon counter, which Baum de¬ 
veloped, he has been able to extend the measurements 
beyond the 23rd magnitude in two selected areas and 
to the 21st magnitude in six other areas. 

Since the faintest stars that can be photographed 
with the Hale telescope are of about the 23rd magni¬ 
tude, this project has made available standards of 
magnitude extending throughout the range of the instru¬ 
ment. These standards are of great importance to many 
other projects, since many of these, including “the scale 
of the universe problem,” depend on precise determina¬ 
tion of the magnitude of faint objects for their results. 

A third major project completed this year has been 
an investigation of the properties of the stars of the 
greatest absolute brightness, most of which are variable. 
For this project Dr. Walter Baade has taken, during 
the past five years, a long series of plates with the Hale 
telescope of each of four fields in the Andromeda 
Nebula. The light curves of approximately 700 very 
bright variable stars found on these plates have been 
determined by Dr. Sergei Gaposchking of Harvard Col¬ 
lege Observatory and Miss Henrietta Swope. 

In a parallel investigation, Dr. Halton Arp has ob¬ 
tained a long series of photographs with the 60-inch 
telescope of several fields of the Andromeda Nebula. In 
this two-year study, 30 novae were found and their light 
curves measured. These investigations provide, for the 
first time, precise information about the properties of 
these intrinsically very bright stars which are so rare 
as to prevent satisfactory study in our own galaxy. The 
results are of great value for other observatory projects 
since these stars are the indicators used to fix the dis¬ 
tances of galaxies and other distant objects. 
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FACULTY PORTRAIT 


REN ATO 
DULBECC 0 


A versatile virus man 



R ENATO DULBECCO, Caltech Professor of Biology, 
is a man who apparently believes that there is no 
such thing as a thing that can’t be done. In fact, he’ll 
do it himself, if necessary. Which helps to account for 
the fact that, to date, he has become an accomplished 
plumber, mathematician, physician, carpenter, pianist, 
dentist and photographer—among other things. 

These, of course, are merely sidelines. (“Hobbies” 
is too flabby a word to describe most of these activi¬ 
ties—particularly as practiced by Dulbecco). His chief 
professional interest is in animal viruses—the viruses 
responsible for such diseases as influenza, polio, shingles 
and smallpox. He is in charge of animal virus research 
at Caltech, and his contributions to the field have not 
only speeded up this research enormously—they have 
even revolutionized it. 

Renato Dulbecco was born on February 22, 1914, 
in Catanzaro, Italy, and grew up in Imperia, on the 
Mediterranean near the French border, where his father 
was a civil engineer. 

At 16, he entered medical school at the University of 
Turin, and received his MD degree in 1936, at the age 
of 22. After graduation, he was obliged to serve a year 
and a half in the Army, and in 1938 he returned to 
the University as an assistant professor in the department 
of pathology. 


His work was going well, and his future seemed 
secure, so, in 1939, he was married to Giuseppina Salvo, 
a girl from his home town. Ten days later Italy declared 
war. 

For four years Dulbecco served as a medical officer 
in the Italian Army. He spent eight months with the 
Italian troops in Russia, and there, fortunately, • he 
suffered a broken shoulder and was sent home—fortu¬ 
nately, because his regiment was later wiped out at 
Stalingrad. 

In 1943 Dulbecco packed up his family (there were 
two children now—Piero, 2, and Maria, just a few 
months old) and moved to Piemonte, an out-of-the-way 
village not far from Turin. The town had no doctor at 
the moment, so Dulbecco set up as a general practi¬ 
tioner, serving all the health needs of the grateful 
villagers—both medical and dental. 

it was typical of the man that, though he knew noth¬ 
ing rvliatever about dentistry, when he found that the 
villagers needed a dentist, he studied and read and 
learned—and became an excellent one. 

In 1945, when the w r ar ended, Dulbecco was at last 
free to return to his scientific work. Professionally, he 
had lost six years, and he promptly began to make up 
for them. Even today he sometimes works at such a 
clip that he seems to be still making up for them. 
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Uncertain, now, of what kind of scientific work he 
wanted to do, he returned to the University again and 
spent two years on the study of physics. During this 
time, because of his medical background, he became 
interested in the action of radiation on cells, and he 
began to study more about this, using some of the tech¬ 
niques he had learned in experimental embryology. 

Bacterial viruses 

S. E. Luria, at Indiana University, was making 
studies at this same time of the action of radiation on 
bacteriophage, the viruses found in the human body 
which attack bacteria. Hearing of Dulbecco’s work, he 
offered the young man a job as research associate in 
Indiana’s department of bacteriology. The salary was 
too small to support a family on, but Dulbecco was 
anxious to work with Luria, so he came to America 
alone, leaving his family in Turin. After a year, his 
wife and children joined him in this country. 

At Indiana, while studying the action of radiation on 
biological material, Dulbecco made the accidental dis¬ 
covery that bacterial viruses which had been inactivated, 
or killed, by ultraviolet light could be reactivated by 
ordinary white light after 24 hours or more. Though 
he was interested in this merely as a piece of basic re¬ 
search, it did have possible practical applications, for 
anything that could be learned about how to correct 
radiation damage might reveal something about what 
causes it in the first place. 

Animal viruses 

In 1949 Dulbecco came to Caltech as a Senior Re¬ 
search Fellow in Biology. Shortly after his arrival, the 
James G. Boswell Foundation sponsored an international 
virus conference here, at which, for the first time, scien¬ 
tists working on the three different groups of viruses— 
those which attack plants, those which attack man and 
animals, and those which attack bacteria—got together to 
discuss their research in progress. 

The two most important facts that Dulbecco carried 
away from this conference were (1) that very little was 
known about some aspects of animal viruses, and (2) 
that Caltech had a fund for virus research. 

Dulbecco knew no more about animal viruses than 
he had once known about dentistry, but he determined 
to work in this field. To familiarize himself with it, he 
had himself assigned a review of the field for the 
Physiological Reviews. He visited every animal virus lab 
he could get to, and read everything that had ever been 
written about animal viruses in the three languages he 
could understand. At the end of six months he not only 
wrote a respectable review, but he had compiled an index 
on animal viruses that would shame an IBM machine, 
and — not all incidentally — he had learned almost as 
much about animal viruses as a lot of the men who had 
been working in this field all their lives. 

For many years viruses had been studied chem¬ 
ically and medically, but never very much biologically 
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—until E. L. Ellis and Max Delbruck began working 
with bacterial viruses at Caltech 18 years ago. Dul¬ 
becco carried over this biological viewpoint to the study 
of animal viruses, and developed techniques which made 
it possible, for the first time, to make quantitative studies 
of them. Like Delbruck, who was trained as a physicist, 
and Ellis, a chemical engineer, Dulbecco was able to 
make an important contribution to virus research large¬ 
ly because he was trained in a different discipline, and 
so was unaware of the things that supposedly could not 
he done in this field. 

Since viruses only grow in living cells, not much 
was known of the viruses that attack animals. Re¬ 
search was done primarily by infecting monkeys or 
chicken embryos with a virus, then observing the ef¬ 
fect on the animal as a whole. The problem was to 
find an adequate way of studying the growth of a virus 
on animal tissue directly. 

A practical technique 

Despite steady skepticism from many of the pros in 
the field. Dulbecco quickly came up with a practical 
technique — adapted from methods used in studying 
bacterial viruses—for studying animal viruses. Working 
with the western equine encephalomyelitis virus (which 
causes horse sleeping sickness; though it is of no great 
medical significance, it is nevertheless a good research 
tool), he grew a single layer of animal tissue cells in a 
nutrient medium. A weak suspension of virus particles 
was then introduced into this, and, as the virus particles 
attacked the tissue cells, they multiplied and produced 
small visible areas of dead cells, known as plaques. In 
this way it became practicable to study the precise effects 
of a virus on a cell. 

Research results 

It was definitely established, for example, that infec¬ 
tion in an animal, or human, can be produced by a 
single virus particle. Working with the polio virus (also 
an excellent research tool) Caltech researchers were able 
to isolate, for the first time, genetically pure strains of 
the three known types of polio virus, making it possible 
to start intensive studies of the development and 
hereditary properties of that virus. 

Work is also now in progress at Caltech on a 
second group of animal viruses, which, instead of grow¬ 
ing in a cell and eventually destroying it—as the polio 
virus does—induce it to grow tumors and stimulate it to 
multiply. 

This research is supported by both the National 
Foundation for Infantile Paralysis and the American 
Cancer Society, not because any immediate, practical 
results are expected, but because it is work which may 
shed light on one of the most fundamental problems of 
biology. The more we can find out about how a virus 
grows in a cell, the closer we may come to understand 
how the cell works. 


ENGINEERING AND SCIENCE 




President L. A. DuBridge gives a demonstration lecture on Radar in Peace and War 

DEMONSTRATION LECTURES 


More than 30 years ago Caltech launched a temporary series of 
lectures on science for the public. It’s still going strong today. 
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Left — Foster Strong, 
Dean of Freshmen and 
Assistant Professor of 
Physics, demonstrates a 
pulley system in which 
one of the weights falls 
with an acceleration 
greater than that of grav¬ 
ity. No one ever believes 
it can be done until they 
see Dean Strong do it, so 
he makes this trip an¬ 
nually. 


Right — John R. Pellam, 
Professor of Physics, 
enthusiastically pours 
below - freezing helium 
into liquid nitrogen in 
his demonstration of 
Phenomena at Absolute 
Zero. 



I N 1929 the Caltech physics courses were being revised, 
and it was decided to start a series of weekly demon¬ 
stration lectures to give students contact with the prin¬ 
cipal professors in the department. 

The lectures were so successful that, when the Norman 
Bridge Laboratory of Physics was built, it included 
special facilities for demonstration lectures. Soon after 
Bridge was opened, a number of high school teachers 
came to the Institute to ask for help in keeping up to 
date on new developments in physics. To accommodate 
the teachers, the physics demonstration lectures were 
repeated on Friday evenings, and opened to the public. 

The Friday Evening Demonstration Lectures were 
expected to run for one year, but the public response 
was so phenomenal that they are still going on today, 


more than 30 years later. At the start, the lectures were 
all concerned with physics. Gradually the base was 
broadened, though, until the lectures now deal with all 
branches of science and engineering. 

Audiences for the lectures come from all over south¬ 
ern California. Aside from the general public, there is 
always a scattering of students from junior colleges, high 
schools and even elementary schools, and the lectures 
have proved so valuable to teachers that the Los An¬ 
geles County Board of Education gives official credit 
to teachers for attending them. 

Most of the pictures on these pages were taken during 
the Friday evening lectures; some when these same 
demonstration lectures were previewed before freshman 
and sophomore physics classes at Caltech. 
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an audience of grade school boys, asks for questions from the floor—and lives to regret it. 


Arthur Galston, Assistant 
Professor of Biology 
(now at Yale) answers 
questions after his dem¬ 
onstration of Day Length 
in Plants. 
















When Earnest Watson, Dean of the 
Faculty and Professor of Physics, talks 
on the Nature of Sound, half his audi¬ 
ence comes back for more when it’s 
over. 


Robert B. King, Professor of Physics, 
goes deeper into the mysteries oj 
Geometrical Optics after his demon¬ 
stration. 























IN THE AIR... 
ON LAND... 
AT SEA... 

For the nation’s defense, the 
Armed Forces call on Western 
Electric to apply telephone 
technology to the manufacture 
of electronic controlled weapons 
.. . like the fabulous guided mis¬ 
sile NIKE (shown here) and 
other air, ground and sea radar 
systems. Besides producing 
these new weapons, Western 
Electric advises and instructs on 
their installation, use, and 
maintenance—through its Field 
Engineering Force (F.E.F.). In 
the air, on land and at sea... in 
the U.S. or abroad... you’ll find 
Western Electric-made equip¬ 
ment and men of the F.E.F. 
working with the Armed Forces. 


SKYPATH FOR 
WORDS AND PICTURES 

Pictured here is one of the many 
stations in the Bell System’s new ’ 
nationwide radio relay system for 
beaming telephone calls and tele¬ 
casts coast to coast. It is Western 
Electric’s responsibility to make and 
install the complex electronic equip¬ 
ment needed. This is another exam¬ 
ple of our job, as the manufacturing 
and supply unit of the Bell System, 
to provide the thousands of things 
that make good telephone service 
possible. It’s a job that presents an 
unending challenge to our engineer¬ 
ing staff. 










































































McDonnell “Voodoo”, the most powerful jet fighter ever built in America. 


J-57 POWERED AIRCRAFT 

MILITARY 

F-lOO F8U 

F-101 A3D 

F-102 B-52 

F4D KC-135 


MECHANICAL ENGINEERS are concerned with 
many phases including experimental testing 
and development, mechanical design, stress 
and vibration analysis, combustion research, 
heat transfer and nuclear reactor development. 


COMMERCIAL 
Boeing 707 
Douglas DC-8 


AERONAUTICAL ENGINEERS work on innumer¬ 
able internal and external airflow problems 
concerned with design, development and 
testing of aircraft powerplants. Some who 
specialize in analytical engineering forecast 
engine-airplane combinations a decade in 
advance of design. 


ELECTRICAL ENGINEERS directly contribute 
their specialized skills to the analysis and 
development of controls, systems and special 
instrumentation. An example is the “Plotto- 
mat” which automatically integrates and plots 
pressures, temperatures and air angles in 
performance testing. 



































create the top aircraft engines 


An aircraft powerplant is such a complex machine 

that its design and development 

require the greatest variety of engineering skills. 

Pratt & Whitney Aircraft’s engineering team 

has consistently produced 

the world’s best aircraft engines. 

The best planes are always designed 
around the best engines. Eight of the most 
important new military planes are powered by 
Pratt & Whitney Aircraft J-57 turbojets. 

The first two jet transports in the United States 

will use J-57s. Further, no less than 

76 percent of the world’s commercial air transports 

are powered by other Pratt & Whitney Aircraft powerplants. 

Such an enviable record can only be built 
on a policy which encourages, recognizes and 
rewards individual engineering achievement. 


PRATT & WHITNEY AIRCRAFT 

Division of United Aircraft Corporation 
EAST HARTFORD 8, CONNECTICUT 




CHEMICAL ENGINEERS, too, play an important 
role. They investigate the chemical aspects of 
heat-producing and heat-transferring mate¬ 
rials. This includes the determination of 
phase and equilibrium diagrams and exten¬ 
sive analytical studies. 


METALLURGISTS investigate and develop high 
temperature materials to provide greater 
strength at elevated temperatures and higher 
strength-weight ratios. Development of 
superior materials with greater corrosion 
resistance is of major importance, especially 
in nuclear reactors. 


WORLD’S MOST POWERFUL production air¬ 
craft engine. This J-57 turbojet is in the 
10,000-pound thrust class with considerably 
more power with afterburner. 











CAMELLIA RESEARCH 

by JAMES F. BONNER 


When a biology professor is also a camellia lover, he’s bound to turn up 
some interesting facts about the growth and flowering of this popular plant 


npHE CAMELLIA is one of our most beautiful and 
JL most appreciated ornamental plants. Since it is a 
native of warm temperate regions (southern China), it 
cannot be grown in all parts of our country, but it does 
thrive throughout a wide arc, extending from Washing¬ 
ton, D.C., south through Georgia and Florida, west along 
the Gulf Coast and north along the Pacific Coast as far 
as Seattle. 

The large size and sturdiness and freedom from pests 
of the camellia shrub have combined to make it a fav¬ 
orite of gardeners throughout this region. The enthu¬ 
siasm of camellia fanciers for the flower of their choice 
has led them to form societies dedicated to the advance¬ 
ment of camellia lore, as biologists and chemists band 
together for the advancement of their chosen disciplines. 

As it turns out, there is real need for study of the 
camellia as a plant, since, despite a popularity dating 
back over a hundred years, there has been but little 
serious investigation of the factors and conditions which 
control its growth and flower production. It is only 
natural, therefore, that when a camellia lover and mem¬ 
ber of the Southern California Camellia Society happens 
to be also a member of the biology staff’ at Caltech, as 
in the case of the author of this article, some study of 
camellia problems should ensue. 

We have been investigating camellia matters at the 
Institute as a sort of scientific hobby for the past ten 
years. Camellias have been grown in the phytotron (the 


Earhart Plant Research Laboratory) to find out what 
temperatures they like; they have been grown in nutrient 
solutions to find out what they need by way of minerals; 
their flowers have been studied under the microscope to 
find out about their chromosomes so that we may 
hybridize them more intelligently. 

When we grow a plant, we first want it to grow 
vegetatively—that is, to produce roots, stems and leaves 
and to grow to a good thrifty size; then we want it 
to change its mind, to produce buds which will grow into 
flowers rather than into more stems and leaves; and 
finally we want it to become reproductive. 

The growth of the camellia, as of any plant, depends 
upon the carbon dioxide of the air, which is taken up 
by the plant and reduced to plant material by the pro¬ 
cess of photosynthesis. Camellia growth depends, too, 
upon the water which is taken up from the soil, and 
upon the absorption of a small number of mineral ele¬ 
ments which, although they make up only a small part 
of the plant, are nevertheless essential to its welfare. 

The study of the uptake of minerals by plant roots 
and the effect of variations in mineral uptake on plant 
growth is perhaps the most active aspect of plant science. 
The mineral nutrition of the camellia is something that 
we know a lot about. The general method of studying 
the mineral nutrition of the camellia, as of any plant, 
consists of growing the plant in some inert substratum; 
for example, sand or gravel, which supplies only me- 
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Intense Cold ... Fierce Heat.. .Terrific Pressure 

—forces of nature used by UCC scientists to work for you 


Heat SO FIERCE it makes steel boil . . . cold so intense 
it turns the very air to liquid . . . pressure so great it 
has the force of 600 hurricanes . . . space so “empty” 
that nothing could live in it. 

THESE FORCES OF NATURE are used by industry in 
making so many of the things we take for granted today. 

The electric arc furnace—6,000 degrees hot—is the birth¬ 
place of alloying metals that go into stainless steel and 
other fine steels. Oxygen, so vital to medicine and in¬ 
dustry, is extracted from air made liquid when cooled 
to more than 300 degrees below zero. 

ETHYLENE GAS SQUEEZED under pressure of 15 
tons per square inch changes into polyethylene. This 
remarkable plastic is used to make such familiar things 
as unbreakable nursing bottles, squeeze-spray contain- 

- UCC’s Trade-marked Products include - 

Electromet Alloys and Metals National Carbons Acheson Electrodes Synthetic Organic Chemicals 

Haynes Stellite Alloys PrEST-O-Lite Acetylene Dynel Textile Fibers Prestone Anti-Freeze UNION Carbide 

Linde Silicones Eveready Flashlights and Batteries PyROFAX Gas BAKELITE, Vinylite, and Krene Plastics LlNDE Oxygen 

NOVEMBER, 1955 


ers, and transparent wrappings. Exposing natural gas 
to terrific pressures and the “nothingness” of vacuum 
have been key steps in making hundreds of new chemi¬ 
cals during the last 20 years. 

THESE ARE BUT A FEW examples of how industrial 
scientists such as those of Union Carbide have discov¬ 
ered how to use the forces of nature to create the new 
processes and products necessary to America’s progress. 

STUDENTS AND STUDENT ADVISERS: Learn more about career 
opportunities with Union Carbide in Alloys, Carbons, Chemicals, 
Gases, and Plastics. Write for booklet H-2. 

Union Carbide 

AND CARBON CORPORATION 

30 EAST 42ND STREET |lH^ NEW YORK 17, N. Y. 

In Canada: Union Carride Canada Limited 
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chanical support. The plant is then watered with a 
nutrient solution. 

By growing many plants with many different nutrient 
solutions, we can determine how well our plant grows 
in the presence or absence of each, and can determine 
what constitutes an optimum nutrient mixture for the 
camellia. 

We have done experiments of this kind, in which we 
have systematically varied the levels and ratios of all 
the principal mineral nutrients—nitrogen, phosphorus, 
sulfur, potassium, calcium and magnesium—and have 
grown camellia plants with these varied solutions over 
a period of two years. It has been shown that the camellia 
grows well and is tolerant to a wide range of concen¬ 
trations of these elements. 

Nitrogen, which is the mineral nutrient used in great¬ 
est amount by all plants, is most critical. The camellia 
needs to have continuously available to its roots some 
ten parts per million of nitrogen in the soil solution. 
Nitrogen concentrations of ten times this level are, how¬ 
ever, quite acceptable to our plant. 

Nitrogen deficiency is fortunately easy to detect, since 
characteristic yellowing of the lower leaves and re¬ 
stricted growth of the plant result from a deficiency of 
this element. In our experiments, too, it was shown 
that for supporting the growth of the camellia, nitrate 
nitrogen, the usual form found in soil, is as good as or 
better than ammonium nitrogen or urea nitrogen. It was 
shown, too, that conditions which favor optimal vege¬ 
tative growth, which favor rapid growth of stems and 
leaves, are also the conditions which favor abundant bud 
set and abundant flower production. 

The results of these experiments are, then, reassuring 
to us in that they suggest that we need not worry very 
much about feeding our camellia plants with any critic¬ 
ally balanced nutrient diet. Provided only that we sup¬ 
ply enough minerals to the soil in which our camellias 
are growing, they will not suffer nutritionally. 

Soil acidity 

Perhaps the most important cultural factors influ¬ 
encing camellia growth and those which have been 
least understood in the past are the twin matters of soil 
acidity and soil salinity. 

Soil acidity refers to the hydrogen ion concentration 
in a soil—to its pH. When hydrogen ions are present in 
low concentration in a soil, it is said to he alkaline. 

Most of our ordinary crop plants are not too demand¬ 
ing as to the exact hydrogen ion concentration of the 
soil in which they grow, and will grow well with hydro¬ 
gen ion concentrations over a range of at least a hun¬ 
dred thousand fold. Particular plants, as the pines and 
others, do, however, prefer an acid soil and it has been 
widely held that the same is true of the camellia. We 
have grown camellias in soils of a wide range of hydro¬ 


gen ion concentrations and have found that they grow 
well even in soils which we would ordinarily consider 
alkaline. 

The camellia is not truly an acid-loving plant. What 
is true however, is that the camellia grows well under 
damp, well-drained conditions. Soils which are damp 
and well-drained are ordinarily acid. So the camellia 
likes damp, well-drained places, but not on account of 
their acidity. The camellia likes damp, well-drained 
places because it is very sensitive to what is called 
salinity. 

Soil salinity 

The concept of salinity has to do with the saltiness of 
the soil solution. When a soil contains a high concen¬ 
tration of soluble mineral salt, it is said to be saline. A 
saline soil may be either acid or alkaline. It so happens 
that saline soils are most frequently also alkaline. This 
is because a part of the salt which is ordinarily supplied 
to soil in irrigation water is commonly in the form of 
calcium or sodium carbonates which react with acid in 
the soil and neutralize it. But alkalinity in itself does 
no harm; it is the salt which does the harm to plant 
growth. 

We were fortunate in being able to enlist the assist¬ 
ance of Harold Pearson of the Metropolitan Water Dis¬ 
trict in studying the response of camellia plants to varied 
conditions of soil salinity. He grew plants at different 
levels of added salt and with different kinds of salt. 

It was shown that camellia plants grown in the pres¬ 
ence of 2700 parts per million of salt suffer from a tip 
burn of the leaves, a typical salt damage symptom. Plants 
grown in solutions containing 4300 parts per million 
of salt produced no growth at all. It was concluded that 
probably not over 1500 parts per million of salt should 
be present in the nutrient or soil solution if all salt 
damage to the camellia is to be avoided. 

Now, our irrigation water in southern California con¬ 
tains some 800 parts per million of solids, of which about 
600 parts per million contribute to soil salinity. If we 
water a plant with such water, then, of course, we supply 
the plant with salt as well as with water. The water is 
taken up by the plant and evaporated through the leaves, 
especially during the day. The salts do not evaporate 
and are left behind in the soil and in the plant. 

Suppose that our plant evaporates two-thirds of the 
water which we have supplied, so that one-third of the 
original water is left behind. The salts carried in with 
the original water are now concentrated three times as 
compared with the original water. If the original water 
had been Metropolitan Water District water, the concen¬ 
tration of salts in the soil solution in our hypothetical 
experiment would now be 1800 parts per million. This 
would be a salt solution high enough in concentration to 
yield some, restriction of growth in the camellia and al- 


30 


ENGINEERING AND SCIENCE 




Advanced structures 


J. F. McBrearty, chief structures engineer (left) 
discusses fatigue test program of integrally-stiffened 
wing lower surface structure of a new transport 
with E. H. Spaulding, structures division engineer and 
J. G. Leewolt, stress engineer. Lockheed’s 500,000 lb. 
Force Fatigue Machine was used in test program. 


facilities speed careers 
of Lockheed Engineers 


Ralph Oliva, research 
engineer, examines 
Super Constellation 
skin for signs 
of fatigue failure. 


Engineers in Lockheed’s Structures Division are 
supported by unmatched research and testing 
facilities in their constant effort to increase strength 
while decreasing weight. 

Among those facilities are the Lockheed-designed 
500,000 Lb. Force Fatigue Machine, first of 
its size; Shimmy Tower, only one in private industry; 
and Drop Test Tower, largest in the nation. 

Facilities such as these give engineers a major 
advantage in making technical advances — and thus 
advancing their careers. Moreover, the large 
number of projects always in motion at Lockheed 
mean continuing opportunity for promotion 
as well as job security. 

Why Lockheed needs Engineers 
with Structures training: 

1. “Fail-Safe” Structures — Lockheed has begun an extensive 
pioneering effort in the new concept of “fail-safe” 
structures. Studies are being applied to virtually all 
phases of Lockheed’s diversified development program — 
already the largest in the company’s history. 

2. New studies in : Effect of high temperatures on 
structures; optimization of thin-wing designs and other 
aero-elastic problems; new materials such as ultra-high 
heat treat steel; panel instability at extremely high speeds. 

You are invited to contact your Placement Officer 
for a brochure describing life and work 
at Lockheed in the San Fernando Valley. 

Lockheed 

CO'RPO 

California 


AIRCRAFT CORPORATION 


BURBANK, 



NOVEMBER, 1 955 
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most high enough to cause real damage to the plant. 

In order to avoid concentration of salts in the soil 
solution, we must always supply enough water to the 
camellias, or any other plant, to leach these salts down 
out of the root zone. This is easily achieved with plants 
in tubs or pots, where we can always supply enough 
water to cause visible leaching of water through the 
container. With plants growing in soil and not in tubs, 
we must irrigate heavily enough so that the salts accumu¬ 
lated from the previous irrigation are rinsed or leached 
down below the root zone. 

All camellia growers know lhat, by and large, cam¬ 
ellias do better in the shade. This behavior is probably 
related to the sensitivity of ihe camellia to the accumu¬ 
lation of salt. When a plant is in the sun, it evaporates 
more water than it does if it is in the shade. Light does 
more to increase rate of water loss from a plant than 
any other single factor except, perhaps, the temperature. 
The more light, the more water loss; the more water 
loss, the more rapid the depletion of the water after ir¬ 
rigation and the more concentration of salt in the soil 
solution. 

The more light the camellia receives, the more difficult 
it will be to be sure that the salinity of the soil solution 
is kept at all times below the level which causes damage 
to the plant. The conclusion is, then, that the camellia 
is sensitive to high salt concentrations. 

It is not so particular about the hydrogen ion con¬ 
centration—the acidity of the soil solution. We should 
distinguish between these two difficulties. We cannot cure 
soil salinity by making the soil more acid through the 
application of sulfur or other acidifying agents; we can 
only cure the condition of soil salinity by leaching. And 
for myself, I would favor abolition of the term soib 
alkalinity. It is a terra which confuses the concept of soil 
salinity wilh the secondary fact that saline soils are 
often alkaline. 

Climatic control 

Now let us turn to the production of flower buds and 
flowers. In Caltech’s phytotron we can grow plants under 
conditions which simulate different climatic conditions. 
We can, for example, grow plants under conditions of 
temperature and humidity which simulate summer in 
Pasadena, and simultaneously under other conditions 
which simulate winter in Pasadena. 

We have applied this facility to the study of the flower¬ 
ing of the camellia. It has turned out that the flowering 
of our plant is controlled by two principal climatic fac¬ 
tors; namely, the night temperature and the relative 
length of day and night. Many plants are controlled in 
their flowering by relative length of day and night and 
this matter has been much studied. 

With the camellia, as with other species, it is in fact 
the absolute length of the night period which controls 
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the flowering response. Only when the night is shorter 
than a certain critical length does the production of 
flower buds take place. Superimposed upon this response 
to length of night is an effect of temperature. It has been 
shown that camellia plants of several varieties studied 
produce flower buds only if the days are longer than 
about 15 hours and the nights correspondingly shorter 
than about nine hours. And In addition, the nights must 
be warmer than about 65° for abundant flower bud for¬ 
mation to occur. 

If we maintain a plant under these summer conditions 
of relatively warm, short nights, flower buds are formed 
but they do not open into flowers; they fall off. In order 
to get our flower buds to open and produce flowers, we 
must supplant the short warm nights with a regime of 
long cold nights. The optimum opening of flower buds 
and production of flowers has been shown to take place 
when the nights arc 60° or colder, and longer than about 
nine hours. 

Summer camellias 

If, for example, we want to produce camellia flowers 
in the middle of our Pasadena summer, then what we 
will do is to take a camellia plant, say on January 1, 
and put it in a greenhouse with warm nights and with 
artificial illumination at night to persuade the plant that 
the days are long and the nights short. After two months 
of such treatment flower buds will have heen formed and 
we can then move the plant to conditions of colder nights. 
We should also mask the plants with dark cloths from 
say 6 p.m. to 8 a.in. to maintain a day length of ten 
hours. Under these conditions our plant will open normal 
flowers sometime between May 1 and June 1. 

The temperature relations of flower opening in the 
camellia as determined in the laboratory have an inter¬ 
esting connection with the normal time of flowering for 
our different varieties. Our night temperatures during 
the winter in Pasadena and in southern California gen¬ 
erally are sufficiently low to greatly slow down the rate 
of flower opening. We have found by collection of tem¬ 
perature data from a series of growers in different spots 
in southern California that the earliness of flowering of 
each camellia is correlated with the temperature of the 
locality. The warmer the minimum night temperature, the 
earlier the flowering of each variety. If, for example, our 
climate should warm up and the winter nights become 
warmer, we would observe a correspondingly earlier date 
of flowering for each of our varieties. 

We have reviewed some of the factors which are most 
important in controlling the vegetative growth of the 
camellia and in determining flowering behavior. We 
should not get the impression, however, that all of the 
science of the camellia is already known. As with the 
study of any plant or any living thing, a great deal 
remains to be discovered about the camellia. 
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RCA's 36 years’ experience 
is yours to share in TV— 
black-and-white or color 

To pioneer and develop television, in color 
as well as in black-and-white, called for a 
special combination of practical experi¬ 
ence, great resources and research facili¬ 
ties in the fields of communications and 
electronics. 

RCA was well qualified to do the job: 
experience: RCA has been the recog¬ 
nized leader in radio communications 
since its formation thirty-six years ago. 
Its world-wide wireless circuits, estab¬ 
lished in 1919, and its development of 
electron tubes, laid the groundwork for 
radio broadcasting in 1920 . . . and the 
first nationwide radio network in 1926. 

Radio broadcasting led to television— 
and in 1939 RCA made history by intro¬ 
ducing black-and-white TV as a service 
to the public. 

Dr. V. K. Zworykin of RCA invented 
the Iconoscope, or television camera tube, 
and he developed the Kinescope, now uni¬ 
versally used as the picture tube. 
RESOURCES: Pioneering and develop¬ 
ment of color TV has been one of the 
most challenging and expensive projects 
ever undertaken by private industry. To 
date, RCA has spent $50,000,000 on color 
TV research and development, in addi¬ 
tion to the $50,000,000 previously spent 
in getting black-and-white TV “off the 
ground” and into service. 

RESEARCH FACILITIES: RCA has One 
of the most complete, up-to-date labora¬ 
tories in the world—the David Sarnoff Re¬ 
search Center at Princeton, N. J. It is the 
birthplace of compatible color television 
and many other notable electronic devel¬ 
opments. 

No wonder that you can turn to RCA 
to find all of the essentials of quality and 
dependability born only of experience. 


WHERE TO, MR. ENGINEER? 

RCA offers careers in research, de¬ 
velopment, design, and manufactur¬ 
ing for engineers with Bachelor or 
advanced degrees in E.E., M.E. or 
Physics. For full information, write 
to: Mr. Robert Haklisch, Manager, 
College Relations, Radio Corpora¬ 
tion of America, Camden 2, N. J. 
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ALUMNI 

SCHOLAR 



Kendall Dinwiddie ’59 


rriHE CALTECH ALUMNI Association, through con- 
_L tributions to the Alumni Fund, granted its first 
scholarship last year to Timothy Harrington, of Cal¬ 
tech’s entering class of 1958. 

This year the Caltech Committee on Undergraduate 
Scholarships awarded the second Alumni Scholarship 
—a four-year, full-tuition grant—to Kendall Dinwiddie, 
of the class of 1959. 

Ken comes from Larkspur, California, a small town 
some 15 miles north of San Francisco, where he lives 
with his widowed mother. Ken is 17. In high school (Sir 
Francis Drake, in San Anselmo, California) his schol¬ 
astic standing put him in the honor society and earned 
him a life membership in the California Scholarship 
Federation. At Caltech he received Honors at Entrance, 
an award for distinguished academic achievement that 
puts him in the top 10 percent of his class. 

Ken worked throughout his high school years—as a 
gardener, film processor in a photo-finishing agency, 
and a drug store clerk. This put something of a crimp 
into his extra-curricular activities, so that he was in and 
out of track, tennis and the chess and music clubs at 
school. 

Music, skiing and drama are his chief extra-curricular 
interests now, and he has already joined the Caltech 
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Some notes on the second winner of the Alumni 
Association’s four-year, full-tuition grant 


Glee Club (second tenor). He plays the trumpet too, 
and currently favors the music of such romantic com¬ 
posers as Liszt, Tchaikowsky and Ravel. Though he 
brought his skis down with him from bucolic northern 
California, Ken has yet to be convinced that there’s 
enough room left in crowded southern California to 
ski in. 

It’s a fact that there wasn’t enough room for Ken to 
move into the student houses this year. They’re so full 
this fall that new students from the state of California 
have all had to be housed off campus. Ken is a non¬ 
resident of Blacker House, and he shares a room on 
South Hill with another freshman, Phil Harriman, who 
has been a classmate and friend since the third grade 
in grammar school. This is a fine, large room (large 
enough, in fact, that the boys have considered renting 
out the closets as student-house singles), but Ken never¬ 
theless regrets missing out on student house life. At the 
same time, he’s grateful for the off-campus calm when 
it comes to studying, which is something that seems to 
occupy more and more of his time these days—oddly 
enough. 

It’s Ken’s present intention to become a chemist. Ac¬ 
cording to all present indications, he should do nicely 
in whatever field he chooses 
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At North American 


DIVERSITY CREATES OPPORTUNITY 


Graduates, undergraduates — A North American representative will be 
on your campus soon. He will give you complete details on the hundreds 
of openings these expanding fields create: Aircraft: the Korea-famed 
F-86 Sabre Jet, the record-smashing F-100 Super Sabre, and Airborne 
Vehicles of the Future. Guided Missiles : the SM-64 Navaho Interconti¬ 
nental Guided Missile. Electro-Mechanical Controls: fire controls, 
automatic navigation systems, flight control computers — for aircraft and 
missiles. Engines : lightweight, high-thrust rocket engines for the Navaho 
and for other missile programs. Atomic Energy: the development of 
nuclear reactors for research, medicine and power. 

North American engineers work in top-level teams, share in a liberal 
Patent Award Program, a highly successful Suggestion Award Plan and 
many other unexcelled job benefits. 


See the North American Representative at your school ...or write: 

Mr. Stevenson, Dept. 56-CM Mr. Kimbark, Dept. 9120-CM Mr. Pappin, Dept. 56-CM 

Engineer Personnel Office Engineer Personnel Office Engineer Personnel Office 

North American Aviation North American’s Missile & North American’s 

Los Angeles 45, California Control Departments Columbus Division 

Downey, California Columbus 16, Ohio 






STUDENT LIFE 


YOUR FUTURE IN 

ROCKET POWER 

As the foremost company devoted ex¬ 
clusively to the design and production 
of rocket engines, Aerojet-General 
Corporation, a subsidiary of The Gen¬ 
eral Tire & Rubber Company, is re¬ 
cruiting qualified engineers for varied 
long range programs in rockets and 
guided missiles. 

At Azusa and Sacramento, California, 
Aerojet is in the process of expanding 
its research, testing and manufacturing 
facilities to keep pace with the con¬ 
stant advance in the rocket engine 
and guided missile field. The diversi¬ 
fication of projects, both government 
and civilian, insures you of not just a 
job but of intriguing and varied ac¬ 
tivity in an organization that is a leader 
in a highly interesting field. Aerojet- 
General represents an outstanding op¬ 
portunity for a man who has his eye 
on the future — a challenging and 
productive future — a challenging and 
productive future in rocket power. 

AEROJET NEEDS: 

• Mechanical Engineers 

• Electronic Engineers 

• Chemical Engineers 

• Aeronautical Engineers or 

• Aerodynamicists 

• Physicists 

• Chemists 

• Design & Development Engineers 

Jliteresting assignments in 
power plant development in 
the following fields: 

Pumps & Turbines 
Valves & Controls 
Rotating Machinery 
Combustion Chambers 
Elecfrohydraulic Systems 

WRITE OR SEND RESUMES TO 

/letafet- Qenekal corpora tion 

AZUSA, CALIFORNIA 

A Subsidiary / ihiA Positions 

oi the General IGENERALf available at Azusa 
Tire & Rubber Co. y TiRE^/ or Sacramento Facilities 

MORE POWER FOR AIR POWER 
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THE BIND 


T HE JUNIOR put his pencil down and snapped shut 
the big blue Shakespeare book. Wearily twisting 
around to get a look at the clock, he discovered with 
some dismay that it was after two in the morning. Good 
news, he said wryly—I won’t have to go to bed tonight 
after all. 

He stared woefully at the cover of the big blue book. 
Midterm tomorrow morning, he told himself, and you 
haven’t even read all the plays you were assigned. How 
do you expect to get by in this school anyway? 

Not this way, he decided. He'd been in a bind all 
week long, and the week before that—and most of the 
first part of the term besides. He’d been so busy, in 
fact, that he hadn’t had time to take inventory of the 
things he was behind in. 

Oughta be a law against rotation, he decided. That’s 
where it all got started, spending his lunch hours and 
the hours after dinner in the lounge, meeting people, 
sizing people up, and then spending the evening hours 
going places with people. That had been the beginning, 
and by the end of rotation he thought he was pretty far 
behind. 

Have to have a law against initiation, too, came 
the next thought. When rotation had ended he figured 
he’d be able to do a little catching up; but then came 
the waterfights, the alley raids, the pranks lasting late 
into the night—and the end of initiation week found 
him worse off than before. 

Might be a good idea to have a law against winning 
football games too. In fact, he thought suddenly with a 
grin, there might be a law like that on the Pasadena 
statute books pretty soon. At least there would be if 
every Tech victory produced the kind of pandemonium 
that broke out after the Cal Poly game. 

He remembered some wise guy saying that the foot¬ 
ball team really screwed up by winning that game with 
Cal Poly of San Dimas. If they’d lost it, the story 
went, they could have tied the national four-year-college 
record losing streak. 

But that hadn’t been the reaction of the student 
body. The whole campus was turned upside down that 
night. Someone set it off by starting a bonfire at the 
intersection of Hill and California. After it got warm 
enough, people danced around the fire, sang, cheered, 
and just generally had a big, noisy time. In due course, 
the Pasadena Police Department arrived, without much 
display, and quietly went about their business of cool¬ 
ing things off a bit. But shortly after that so many 
things happened so fast that the Junior, who had been 
right there in the cheering crowd, wasn’t sure himself 
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F4D, “SKYRAY”—only carrier plane to 
hold official world’s speed record 


RB-66 — speedy, versatile 
jet bomber 


A4D, “SKYHAWK”- smallest, lightest 
atom-bomb carrier 


Engineers 
join this 
winning 
team! 


D558-2, “SKYROCKET”-first airplane 
to fly twice the speed of sound 


“NIKE"—supersonic missile selected 
to protect our cities 


A3D, “SKYWARRIOR” - largest 

• 

• 

C-124, “GLOBEMASTER"-world’s 

• 

• 

DC-7 “SEVEN SEAS’’- America’s 

carrier-based bomber 

• 

• 

largest production transport 

• 

• 

• 

finest, fastest airliner 


At DOUGLAS you’ll be joining a company in which the three top 
executive officers are engineers... you’ll be associated with men 
who have designed the key airplanes and missiles on the American 
scene today! Nothing increases an engineer’s ability faster than 
working with other engineers of top calibre. 

Not only is Douglas the largest manufacturer of commercial aircraft 
in the world, but it also produces outstanding aircraft and missiles 
for every branch of the armed services! This diversity, besides 
giving you job security, provides unequalled opportunity 
for the engineer with an eye to the future. 


Challenging, opportunities now 
exist in the following fields; 

Mechanical design 

Structural design 

Power plant installation design 

Weapons delivery 

Aerodynamics 

Thermodynamics 

Electronic computers 

Systems analysis 

Aircraft air conditioning 

Hydraulics 

Stress analysis 

Servo mechanisms 

Acoustics 

Electronics 

Mechanical test 

Structural test 

Flight test 

Process engineering 
Missiles 



First in Aviation 


Brochures and employment applications are available at your college placement office. 

For further information relative to employment opportunities 

at the Santa Monica, El Segundo and Long Beach, California divisions 

and the Tulsa, Oklahoma division, write today to: 

DOUGLAS AIRCRAFT COMPANY, INC. 

C. C. LaVene, Employment Manager... Engineering General Office 
3000 Ocean Park Blvd.... Santa Monica, California 
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SANDIA CORPORATION 


SANDIA BASE • MQUKQili • HEW MOW) 


Graduating 

ENGINEERS AND SCIENTISTS 


Secure the brochure 

Placement Director 


See the Sandia Corporation 

representative with the 

Bell Telephone System Recruiting Team 


Or Write Mr. F. E. Bell, Professional 
Employment Division, Sandia Corporation 














The Torrington Needle Bearing 
... designed for easy, effective lubrication 


One major advan¬ 
tage inherent in 
Needle Bearing de¬ 
sign is the ease with 
which the bearing 
can be lubricated. 

The full complement of small di¬ 
ameter rollers continuously carries 
a thin film of lubricant to all contact 
surfaces. The turned-in lips of the 
outer shell retain the lubricant and 
effectively seal out foreign matter. 

Methods of 
Lubrication 

When Needle Bearings are shipped, 
they are normally protected with a 
high-grade slushing compound 
which has lubricating value at ordi¬ 
nary temperatures. This compound 
is left in the bearings in most in¬ 
stances. Needle Bearings in many 
applications run for long periods of 
time without further attention to 
original lubrication. 

There are several methods of 
providing additional lubricant to 
Needle Bearings, as illustrated and 
described below. 

PERMANENT LUBRICATION 

For low speed and light load applications, 
as in the fingers of the automobile clutch 
illustrated, the Needle Bearings are 
packed with grease before assembly. No 
additional lubrication is needed. 



THROUGH THE SHAFT 

If it is necessary to lubricate through the 
shaft, a hole is drilled along the shaft axis, 
with a cross hole leading under the lips of 
the Needle Bearing. This hole is located 


under the lip of the bearing rather than in 
the roller contact area. Textile machine 
spindle swing bracket below illustrates 
this method. 



THROUGH THE HOUSING 

When lubricant is to be delivered through 
the housing, an oil hole is furnished in the 
middle of the outer shell. In automobile 
king pin below, Needle Bearings are 
lubricated with Alemite fittings through 
the oil hole. This oil hole in the outer 
shell should be outside the load area. 



CIRCULATING OIL SYSTEM 

For high speeds and heavy loads, a cir¬ 
culating oil system is preferred as it aids 
in carrying away heat as well as in provid¬ 
ing a continuous supply of lubricant to 
the bearing contact surfaces. A typical 
example of this method is shown in this 
Needle Bearing application in the valve 
rocker arm of a large diesel engine shown 
below. 



Selecting A Lubricant 

While oil is the best lubricant, it is 
difficult in many cases to retain it in 
the bearing housing. In general, a 
soda base grease is used in the ab¬ 
sence of moisture, and a lime base 
grease when moisture is present. It 
is usually advisable to consult a 
grease manufacturer regarding 
a particular application. 


These features make the 
Torrington Needle Bearing Unique 

© low coefficient of starting and running 
friction 

© full complement of rollers 
© unequalled radial load capacity 
© low unit cost 
© long service life 
© compactness and light weight 
© runs directly on hardened shafts 
® permits use of larger and stiffer shafts 


THE TORRINGTON COMPANY 

Torrington, Conn. • South Bend 21, Ind. 

District Offices and Distributors in Principal Cities of United States and Canada 


TORRI NGTOlil/tT^/ aBEARINGS 

NEEDLE • SPHERICAL ROLLER • TAPERED ROLLER • CYLINDRICAL ROLLER • BALL • NEEDLE ROLLERS 
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ALUMNI ASSOCIATION OFFICERS 

PRESIDENT SECRETARY 

C. Vernon Newton '34 Donald S. Clark '29 

VICE-PRESIDENT TREASURER 

William F. Nash, Jr., '38 George B. Holmes '38 

BOARD OF DIRECTORS 

Robert H. Bungay '30 Willis R. Donahue, Jr. '34 

Hugh C. Carter '49 Richard H. Johns '35 

Philip Cravitz '29 Richard W. Stenzel '21 

Charles P. Strickland '43 

ALUMNI CHAPTER OFFICERS 

NEW YORK CHAPTER 

President George W. Boutelle '48 

American Machine & Foundry Co., 261 Madison Av@., N.Y. 
Vice-President David Harker '36 

Polytechnic Institute of Brooklyn, Brooklyn, N.Y. 
Secretary-Treasurer Frank F. Scheck '48 

Attorney, 247 Park Avenue, New York 

WASHINGTON, DX. CHAPTER: 

President Thomas S. Southwick '27 

U. S. Weather Bureau, Washington 25, D.C. 
Secretary-Treasurer Clarence A. Burmister '25 

U.S.C. & G.S., RadioSonic Laboratory, Washington 25, D.C. 

SAN FRANCISCO CHAPTER: 

President Louis H. Erb '22 

Pacific Telephone & Telegraph Co., San Francisco 5, Calif. 
Vice-President . Harrison W. Sigworth '44 

California Research Corp., Richmond, Calif. 
Secretary-Treasurer Donald E. Loeffler '40 

Shell Oil Company, Martinez, Calif. 

Meetings: Informal luncheons every Thursday. 

Fraternity Club, 345 Bush St., San Francisco. 

CHICAGO CHAPTER: 

President Donald H. Loughridge '23 

Northwestern Technological Institute, Evanston 
Vice-President Robert L. Janes '36 

Armour Research Foundation, Chicago 

Secretary-Treasurer Lawrence H. Nobles '49 

Northwestern University, Evanston 

SACRAMENTO CHAPTER: 

President Luther J. Eastman '28 

Calif. Board of Equalization, 1020 N Street, Sacramento 
Vice-President Herbert H. Deardorff '30 

State Division of Highways, 1120 N Street, Sacramento 
Secretary-Treasurer Wayne MacRostie '42 

State Water Project Authority, Sacramento 
Meetings: First Friday each month at noon. 

University Club, 1319 K St., Sacramento 

SAN DIEGO CHAPTER: 

Chairman Maurice B. Ross '24 

3040 Udal Street, San Diego 6, Calif. 

Secretary Frank John Dore, Jr. '45 

Consolidated Vultee Aircraft Corp., San Diego 
Program Chairman Herman S. Englander '39 

U. S. Navy Electronics Laboratory 


ALUMNI DIRECTORY 

A supplement to the 1954 Alumni Directory 
will be issued late this fall listing the names and 
addresses of those who received degrees in 1954 
and 1955. Copies of this supplement will auto¬ 
matically be sent to paid alumni who graduated 
in these years. Other alumni may secure copies 
by sending the form below to the Alumni Office. 


Please send the Alumni Directory supplement to: 


Name 



Student Life . . . continued 


exactly what had transpired, and in what sequence. 

Someone got away with a billy club from one of 
the cops, for one thing, though the Junior hadn’t even 
heard about that until hours later. Some other guys 
tried to let the air out of the paddy-wagon tires, and 
this unfortunate gesture ended in their apprehension. 

The winning move was when somebody, whose 
identity was still unknown weeks later, got into high 
spirits, or some kind of spirits, and torched up a palm 
tree down California Street near Tournament Park. This 
made quite a show, though it didn’t seem to please the 
PPD (or the fire department either, who were late ar¬ 
rivals at the event). 

The cops didn’t catch the guy who blazed the tree, 
but they got hold of a guy who was standing nearby 
when it happened, and he, with two tire-type vandals, 
was hauled off by the Riot Squad or something as the 
party broke up. The three guys had been bailed out 
much later that night for more than a hundred dollars, 
and were still legally tangled up with the business for 
weeks afterward. 

Well, maybe there wasn’t any law against winning 
games, the Junior mused, but at least there were regula¬ 
tions against raiding other campuses, and they had been 
observed in about the same kind of spirit that the Pro¬ 
hibition Amendment was. A Caltech banner flew from 
Occidental’s main flagpole for the second time; it had 
been raised on the first Monday in October, and, thanks 
to good old CIT ingenuity, it remained aloft for weeks, 
while the Occidental administration mumbled about 
sending bills for professional steeplejacks. 

Oxy couldn’t get the flag down, and Oxy wasn’t too 
sure about Tech paying the bills in any case, so a few 
Oxy men, acting unofficially, made a sort of payment 
of debts owed by twice raiding the parking lot in Tour¬ 
nament Park—once to paste a lot of dirty signs on 
windshields, and once to let a little air out of tires. 
The Junior was not one to sit idly by while nasty 
Occidental students played tricks — and a little such 
foolery had been sufficient to prevent any kind of catch¬ 
ing up in the weeks between initiation and midterm. 

And now, merciless heavens, it was midterm week, 
and Interhouse Dance week, and who-needs-sleep-any- 
way week. The Junior was spending his afternoons on 
interhouse softball, his evenings decorating for the 
dance, his nights studying just enough to keep from 
falling even further behind—and the Junior was in a 
tight bind. 

The Junior, acting with quick resolve and huge 
lack of duty-sense, reached out suddenly and turned off 
the desk lamp. What the hell, he said, it’s only eight 
units. So I wont know the balcony scene by heart. Maybe 
I’ll be lucky and flunk out of this place. In the Army, 

I hear, they only work an eighteen-hour day. 

—Marty Tangora ’57. 
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The steel that could take 
anything but a bath 



In steel mills and warehouses, a roller leveler straight¬ 
ens wide sheets and heavy plates between powerful 
steel rolls. 

Stress on the rolls is tremendous. To make them 
strong and tough enough, one manufacturer used an 
alloy steel, 52100. Then, to make the rolls hard 
enough, they were heated to a high temperature and 
quenched in a liquid bath. But the severe quench was 
causing many of the rolls to warp. . 

The roll maker took his problem to Timken Com¬ 
pany metallurgists, asked if he could make rolls from 
52100 steel that wouldn’t distort in quenching. They 
said yes—if the steel were uniform from lot to lot in 
analysis and hardenability. 

TIMKEN® steel quality control solved 
the distortion problem 

The roll maker switched to 5 2100 steel made by the 
Timken Company. He found the steel was uniform 
from lot to lot, heat to heat, year in and year out. 
Result: he was able to standardize heat-treating prac¬ 
tice. Distortion was practically eliminated. 

The Timken Company constantly solves steel prob¬ 
lems like this one by furnishing steels to the most 
exacting specifications. Timken Company metallur¬ 
gists are specialists in fine alloy steels. And they use 
the most modern quality control methods to assure 
uniformity, time after time after time. 


Some of the engineering problems 
you’ll face after graduation will in¬ 
volve steel applications. For help 
in learning more about steel, write 
for your free copy of "The Story of 
Timken Alloy Steel Quality.” And 


for more information about the ex¬ 
cellent job opportunities at the 
Timken Company, send for a copy 
of "This is Timken”. Address: The 
Timken Roller Bearing Company, 
Canton 6, Ohio. 


YEARS AHEAD—THROUGH EXPERIENCE AND RESEARCH 





TRADE-MARK REG. US, CAT. Of ft 

Fine Alloy 

r'0> rX r^'r 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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fyugj „ Guided Migsile research and development is a 

unique field of scientific endeavor, requiring as it does the 
concurrent solution of highly complex problems in such areas 
as guidance and control, aerodynamics, structures and propulsion. 
The missile activities of The Ramo- Wooldridge Corporation are 
organized around strong teams of scientists and engineers covering 
a wide range of specialties. These teams, using the latest scientific 
and engineering knowledge, and often pushing ahead toward 
new knowledge, are working in a field characterized by its 
importance to the national welfare and the high degree of 
challenge it offers to the qualified engineer and scientist. 


ENGINEERS AND PHYSICISTS in jet propul¬ 
sion, thermodynamics, physical chemistry, 
propulsion system analysis and advanced 
servomechanisms. 

AERODYNAMICISTS for advanced problems 
in hypersonic flow and aero-thermody¬ 
namics. 


Openings now exist for 


SYSTEMS ENGINEERS and engineers with ex¬ 
perience in servomechanisms, electronic 
circuits, radarand communication circuits, 
computers and inertial guidance. 


ENGINEERING AND SCIENCE 








SKY HOOK... 

Here is a hook for a hoist—mankind’s sinew-sparing 
servant... as industrially indispensable as its load-lifting 
applications are limitless. 

Hoists lift steel beams for buildings and bridges, raise 
and lower drills and casing for deep-driven oil wells, lift a 
bucket of cold water from a country well or a ladle of 
molten metal in a mill . . . bghten load-lifting chores for 
machinists and miners, loggers and longshoremen, farm¬ 
ers and factory workers. 

HOW MAHY KIHDS? 

Consider the many kinds of hoists in use today . .. reeved 
with rope, cable, chain . . . powered pneumatically, man¬ 
ually, electrically . . . engineered with gears, pulleys, 
pistons, ratchets. 

Think how many millions of plans, sketches, models 
and mock-ups have contributed to their evolution. The 
eyes of a myriad of inventors, engineers and draftsmen 
have appraised them. The hands of countless pattern¬ 
makers, tool and die makers, machinists and other 
craftsmen have shaped them. 

Pulling together is a work method uniquely American. 
And, America can work like that because it has an all- 
seeing, all-hearing and reporting Inter-Communications 
System. 

THE AMERICAN INTER-COM SYSTEM... 

Complete communication is the function and contribu¬ 
tion of the American business press . . . the industrial, 
trade, business and professional publications that are 
edited to meet the needs of men in business, science and 
industry. 


COMMUNICATION IS OUR BUSINESS... 

Many of the textbooks in which you are now studying 
the fundamentals of your specialty bear the McGraw- 
Hill imprint. For McGraw-Hill is the world’s largest 
publisher of scientific and technical works. 

After you leave school, you will want to keep abreast 
of developments in your chosen profession. Then one of 
McGraw-Hill’s many business magazines will provide 
current information that will help you in your job. 

A CAREER FOR YOU . .. 

To a few 1956 engineering graduates, “McGraw-Hill” 
will mean “writing” as well as “reading.” 

If you are interested in becoming an engineering edi¬ 
tor, write our Personnel Relations Department—now— 
about your qualifications for an editorial career. 


M<GRAW-HILL 

PUBLISHING COMPANY, INC. 



HEADQUARTERS FOR TECHNICAL AND BUSINESS INFORMATION 
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PERSONALS 


GUIDED 

MISSILES 



Nearly all guided missiles require specialized and highly 
advanced electronic systems of miniature proportions. These 
systems may include servo-amplifiers, microwave receivers 
and transmitters and extremely efficient though compact 
power supplies.The performance objectives for this equipment 
would be difficult in conventional engineering applications. 

At Hughes, the achievement of such objectives in the very 
limited space and under stringent environmental conditions of 
the modern guided missile provides an unusual challenge to 
the creative engineer. 

Positions are open for Engineers or Physicists with experi¬ 
ence in systems analysis, electronic guidance systems, infrared 
techniques, miniature control servo and gyro systems, micro- 
wave and pulse circuitry, environmental testing, systems main¬ 
tenance, telemetering, launching systems and flight test 
evaluation. - 


Scientific and Engineering Staff 

HUGHES 


RESEARCH AND DEVELOPMENT LABORATORIES 

Culver City, Los Angeles County, California 


1917 

/. Calvin Brown, attorney, has been 
elected to serve as chairman of the board 
of the Engineers Club of Los Angeles. 
A. M. Zarem, MS ’40 and Thomas F. Ed- 
son, ’29, were elected as directors. Abe 
Zarem is manager of the Southern Cali¬ 
fornia Division of the Stanford Research 
Institute and Tom Edson is a consulting 
engineer. 

1921 

Chester A. Boggs has joined the tech¬ 
nical staff of the Radar Division of the 
Hughes Research and Development Labora¬ 
tories at Culver City. He was formerly a 
design engineer with the Western Geo¬ 
physical Company. 

1923 

George T. McKee, director of archi¬ 
tecture and engineering for the Oakland 
Public Schools, died of lung cancer on 
July 3, after an illness of seven months. 
George had been with the school system 
since 1936. He is survived by his wife, 
two sons, a daughter and two grand¬ 
children. 

1925 

Thomas P. Simpson, vice-president and 
director of manufacturing of the General 
Petroleum Corporation, celebrated 30 years 
of oil company service last month. 

1928 

Moe W. Gewertz is a senior bridge 
engineer with the California Division of 
Highways, currently functioning as resi¬ 
dent manager of the San Mateo-Hayward 
and Dumbarton toll bridges. 

1935 

Nathan Karp is home from the hospital 
after a seven week bout with meningitis— 
and doing fine. He has his own office as a 
consultant in structural engineering in 
San Francisco. 

1938 

Sylvan B. Walton, MS, has been teaching 
engineering at San Jose State College for 
the past eight years, specializing in heating, 
ventilating, refrigeration and industrial 
instrumentation. 

Howard Seifert, PhD, is now a senior 
staff member of Ramo-Wooldridge. He has 
also accepted an appointment at UCLA 
as visiting professor of engineering and 
will divide his time between the two posi¬ 
tions. Before joining Ramo-Wooldridge in 
1954, Howard was with the Caltech Jet 
Propulsion Lab for 12 years. 

1940 

Robert B. Young, who has been chief 
engineer at Aerojet’s Azusa liquid engine 
division since 1951, has been appointed as 
resident manager of the Company’s new 
liquid rocket plant in Sacramento. 

1941 

Newell T. Partch reports a third addi¬ 
tion to his family—a daughter, Vicky—- 
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Cool-running chain saw, like every type of power 
saw in use today, uses New Departure ball bearings 
for longer life at peak efficiency. 



Even Paul Bunyan couldn’t match the pace of this "automatic lumberjack" 
of the future. It fells, sections and loads trees —all at the push of a buttonl 
The company that launches this wonder will probably look to New 
Departure for ball bearings. For New Departures have proved their 
ability to hold moving parts in perfect alignment, cut wear and friction, 
and work long hours without letup—or upkeep. Above all. New Departure 
has lived up to its name —being first with ball bearing advancements. 

So, when improving or designing a product, count on New Departure for 
the finest ball bearings. 

NEW DEPARTURE • DIVISION OF GENERAL MOTORS • BRISTOL, CONNECTICUT 
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HOW 

HERCULES 

HELPS... 



EXCITING NEW DISHES AND CUTLERY, both molded with a new Hercules plastic, Hercocel® W, 
are as durable as they are beautiful. A product of Hercules research, Hercocel W is a low-cost 
thermoplastic combining high heat resistance and good dimensional stability with exceptional 
toughness and impact strength. (Tranquil ware dishes by Byrd Plastics, Inc.; cutlery by Royal 
Brand Cutlery Company, a Division of National Silver Company, Brooklyn, New York.) 



HANDY CONTAINERS and display rack for Hercules smokeless powders 
work two ways—they make it easier for the sportsmen who do their own 
loading to select the right powder, and convenient for the dealer to arrange 
an eye-catching display. Hercules powders have long been the favorite 
with handloaders who want accuracy and economy. 



A MILLION POUND A MONTH PLANT is now producing di¬ 
methyl terephthalate at Burlington, N. J. Largest single user: 
Canadian Industries (1954) Ltd., in the synthetic fiber 
‘Terylene’. Hercules’ plant, first to make DMT by air oxida¬ 
tion, is designed to expand as markets grow. 



G55-9 


HERCULES POWDER COMPANY 

Wilmington 99, Del. Sales Offices in Principal Cities 

SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COTTON, TERPENE CHEMICALS, 
ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, OXYCHEMICALS, 
EXPLOSIVES, AND OTHER CHEMICAL PROCESSING MATERIALS. 


HERCULES 
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AiResearch is looking for your 
kind of engineer. 

We have always been a pio¬ 
neering company, constantly 
developing new products and 
searching out new and better 
ways of meeting the demands of 
modern civilization. 

A sample of this ingenuity is 
our development of transducer- 
computer systems which simplify 
the job of flying. AiResearch also 
leads in the aircraft air-condi¬ 
tioning and pressurization fields. 
We are blazing the trail in over¬ 
coming the heat problem in jet 
flight. In the new, rapidly grow¬ 
ing field of small turbomachinery 
we have more experience than all 
other companies combined. We 
produce more than 1000 differ¬ 
ent products, from unique air- 
valves that can operate under 
unprecedented temperature con¬ 
ditions to the most complicated 
complete systems. We work on 
the very frontier of present sci¬ 
entific knowledge. 

That’s why we need creative 
engineers . . . and appreciate 
them. You who qualify for an 
AiResearch position will receive 



AIRESEARCH AIR DATA COMPUTER SYSTEM integrates electronic, 
pneumatic and electrical components to automatically sense, 
measure and correct for all air conditions affecting flight. 


dynamics...electronics engineers 
... aeronautical engineers. 

Write to Mr. Wayne Clifford, 
AiResearch Manufacturing 
Company, 9851 S. Sepulveda 
Blvd.,Los Angeles 45, California. 
Indicate your preference as to 
location either in Los Angeles 
or Phoenix. 


fljpesearch Manufacturing Divisions 

Los Angeles 45 , California • Phoenix , Arizona 

Designers and manufacturers of aircraft components : refrigeration systems • pneumatic valves and controls • temperature controls 

CMW AIR COMPRESSORS • TURBINE MOTORS • GAS TURBINE ENGINES • CABIN PRESSURE CONTROLS • HEAT TRANSFER EQUIPMENT • ELECTRO-MECHANICAL EQUIPMENT • ELECTRONIC COMPUTERS AND CONTROLS 
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stimulating assignments, utilize 
some of the finest research facil¬ 
ities in the country and be well 
rewarded financially. 

Premium positions are now 
open for mechanical engineers 
... electrical engineers... physi¬ 
cists... specialists in engineering 
mechanics...specialists in aero¬ 













Personals 


CONTINUED 


STEEL IS 2 TO 3 TIMES 
STRONGER THAN CAST IRON 



STEEL COSTS '/s AS MUCH 
PER POUND AS CAST IRON 


thoughts to 
think about 


F IGURE the facts yourself. Only 
40% as many pounds of metal are 
needed to build a machine part from 
steel as from cast iron. Furthermore, 
each pound of steel costs a third 
as much as iron. As a result, basic 
material costs using steel are about 
15% of the costs using cast iron. 

The large initial saving in material 
cost makes it possible to fabricate 
machine designs from steel at sub¬ 
stantial reductions in cost. 



Compare the two gear cases shown. 
The original cast construction cost 
$664.3 3. Changing to welded steel 
design has cut this cost to $378.34 
. . . a 43% reduction in cost. In addi¬ 
tion, scrap loss from metal defects 
has been entirely eliminated. Less 
material has to be left on for machin¬ 
ing since distortion has been mini¬ 
mized. 

According to leading product engi¬ 
neers, low manufacturing costs are of 
prime importance. As a student engi¬ 
neer, therefore, it will pay you to 
keep abreast of progress in designing 
for welded steel. Write for further 
informatit 

THE LINCOLN ELECTRIC COMPANY 

Cleveland 17, Ohio 

The World’s Largest Manufacturer 
of Arc Welding Equipment 


which makes a total of three daughters 
from 10 years down to 2 months. He is 
vice-president and factory manager of Up- 
Right Scaffolds, Berkeley, Calif. 

Ebenezer Fey, MS ’42, has been ap¬ 
pointed a full professor of civil engineer¬ 
ing at the Illinois Institute of Technology 
in Chicago. 

Reuben Snodgrass, MS ’42, is the engi¬ 
neering department head for flight re¬ 
search at the Sperry Gyroscope Company 
in Long Island, New York. A recent paper 
of his, “A Flight Investigation of the Per¬ 
formance of Low-Ceiling Visibility Meas¬ 
uring Equipment,” appeared in the Aero¬ 
nautical Engineering Review for May, 
1955. 

1942 

Wayne MacRostie is nearing the end 
of his sixth year in Sacramento, where 
he has been engaged in hydraulic engi¬ 
neering work for the State of California. 
Most recently Wayne has been supervising 
engineering studies aimed at providing a 
basis for settlement of water rights along 
the Sacramento River and in the Sacra- 
mento-San Joaquin Delta. The three Mac¬ 
Rostie boys are now 2, 6, and 9. 

1943 

Robert M. Benson has formed a new 
company of his own, in Santa Monica, 
called Inertial Instruments, Inc. As pres¬ 
ident, he will direct its activities in the 
mass flowmeter field. Boh was formerly 
vice-president of Gyromechanisms, Inc. 

Alexander C. Ridland , who was lead 
test engineer in the turbine lab at Convair, 
has now joined Solar Aircraft as an ex¬ 
perimental engineer. 

1946 

Robert E. Stephenson, MS, formerly a 
research engineer at the University of 
Utah, has joined the staff of the Guided 
Missile Division, Hughes Research and 
Development, at Culver City, California. 

1948 

Frederick C. Roop, PhD, has been ap¬ 
pointed head of the applied mechanics 
section in physics of Standard Oil of In¬ 
diana. He joined the company in 1948 as 
an assistant project engineer and became a 
senior project engineer prior to his new 
appointment. 

David B. Willmer, MS, reports that he 
recently bought an Eichler home in Wal¬ 
nut Creek, California, and is working in 
San Francisco for the engineering depart¬ 
ment of the Standard Oil Company as a 
project engineer. 

George P. Steck, MS, writes that he 
finished his PhD in statistics at the Univer¬ 
sity of California in Berkeley last May and 
is working for the Sandia Corporation in 
Albuquerque, New Mexico. George is mar¬ 
ried and has two sons, aged one and 
three. 

Alfred Paul Fay was married in June 


to Mary Consuelo Oseguera of Altadena. 
They are living in Santa Monica. 

1949 

Douglas Brown and his wife announced 
the birth of their second child, Kyle 
Warren, in September. Doug is working 
in Los Angeles where he is in charge of 
foundation investigations for the Bridge 
Department of the California Division of 
Highways. The Browns are living in Van 
Nuys. 

Irving L. Krumholtz writes that he is 
‘‘still with the central engineering division 
of Fibrebcard Products, Inc., in Antioch, 
California, and rusticating with my wife 
and three rapidly growing daughters in 
Concord. We are occasionally visited by 
the James A. Harders, ’48, and other Cal¬ 
tech classmates or friends.” 

Donald Petersen, PhD ’55; joined the 
Dow Chemical Company in August as a 
chemist.^ 

Lloyd P. Geldart writes about life in 
Trinidad, where he is working for the 
Dominion Oil Company, Ltd.: “Have been 
here for three years in Port-of-Spain as 
chief geophysicist. Trinidad is ideal for 
foreign service—no language barrier, 
lovely homes, inexpensive servants, food 
of fair quality, although a restricted 
choice compared with the U.S. Almost 
everyone has a sail or power boat, lots 
of fishing, golf, tennis, parties. Have a 
month’s vacation with the family every 
year, and last year returned to Los An¬ 
geles with stops in Venezuela, Colombia, 
Panama and Mexico City. 

“Trinidad is cross-roads of air travel 
and we have many visitors en route to 
Rio, Buenos Aires, Europe, U.S., Vene¬ 
zuela, Colombia, etc. Tobago, of Robinson 
Crusoe fame, is 25 miles off shore and 
a wonderful place to spend long week¬ 
ends. Grenada and Barbadoes are also 
near by and are frequented by those who 
have tired of Tobago.” (Everybody ready 
to catch the next boat?) 

Henry A. Long , MS ’50, has joined the 
Solar Aircraft Company as a controls 
engineer. Henry, his wife, and two chil¬ 
dren make their home in San Diego. 

1950 

Henry Shapiro, MS ’51, ME ’52, an¬ 
nounced the birth of a son, Richard 
Murray, on June 9, 1955. The Shapiros are 
living in Los Angeles. 

James 0. McCaldin, MS ’51, PhD ’54, is 
working for General Motors in Detroit as 
a senior research engineer. 

Jerry 0. Matthews, who graduated from 
the USC Medical School in June, is now 
interning at the Orange County General 
Hospital. Jerry and his wife have a baby 
girl, Julie Ellen, born on June 25, 1955. 

JFalter John received his PhD in nuclear 
physics from the University of California 
and is now an instructor in the depart- 
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Precision, high-speed winding 
equipment for IRC elements 


'PW4 WATT 


•BASIC TECHNIQUE- 

Wire element is uniformly and 
tightly wound on an insulated 
core. Axial leads or other termi¬ 
nations are secured to element 
by automatic machinery. Insu¬ 
lated housing may be used or 
omitted. 

SPECIFIC EXAMPLES 


IRC Type BW Insulated Wire Wound Resistors 


2000 St 


8RG WINDING SKILL OFFERS 
REALISTIC SAVINGS TO INDUSTRY 


... another reason why engineers specify IRC Resistors 

Savings in the initial cost and assembly of component 
parts are an increasingly important factor to electronic 
engineers. That’s why they depend upon IRC for their 
resistor requirements. IRC’s mastery of winding wire 
elements—dating back more than 25 years—today pro¬ 
vides a wide variety of unique units that offer realistic 
possibilities for savings. 


INTERNATIONAL 
RESISTANCE CO. 

401 N. Broad St., Phila. 8, Pa. 

UfblAlWt,~th£/ (MUuL -VW- In Canada: International Resistance Co., Toronto, Licensee 


NOVEMBER, 1955 
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time with the Phillips Petroleum seismo¬ 
graph crew and two years in the 549th 
Army Engineers in San Francisco and 
Alaska. 

Carl G. Sauer, Jr., who is in elec¬ 
tronics research at the Jet Propulsion Lab, 
was married to Eileen Holtan in May at 
Glendale. 

Lawrence Davidson Starr, now a grad¬ 
uate student at MIT, was married in June 
to Irma Kushner, in Newton, Mass. 

George B. Cook, Jr. is now a Reserve 
Ensign in the Navy. 

1954 

Paul Concus is now' a member of the 
staff at the Advanced Electronics Lab¬ 
oratory, Hughes Research & Development, 
Culver City, California. Other Tech grads 
who have recently joined Hughes include: 

1 Valter W. Lee, Jr., ’54, J. Philip Wade, 
’55, Lewis , Ellmore, ’55, and Walter L. 
Whirry, ’55, all members of the Systems 
Division. Arthur E. Miller, Jr., MS ’55, 
is employed in the Guided Missile Divi¬ 
sion. 

1955 

Charles St. Clair is working for an MS 
in geology and instructing beginners in the 
geology labs at the University of Arizona. 

John W / . Brookbank, PhD, is an assist¬ 
ant professor of zoology at the University 
of Florida in Gainesville. 

Joseph D, Mandell, PhD, is doing a 
year’s work on bacterial viruses at the 
Carnegie Institute in Cold Spring Harbor 

John W. McKee, PhD, is working on 
aircraft nuclear propulsion at Douglas Air¬ 
craft. 

Ernest Dzendolet is working in experi¬ 
mental psychology at Brown University. 

William Lindley writes that “Don Taylor 
was married right after graduation and 
both he and his wife are working at the 
University of California Radiation Lab 
and living in Concord. John Weisner 
has moved to Livermore and is with the 
Lab. Roy W. Paul is in the same group 
that I am and is living in Berkeley. Alva 
Yano is living w’ith Roy and working here, 
also. Horace Furumoto is the sole casualty 
—his Air Force orders came and now 
he’s in Wyoming.” 

Oreste Lombardy, Carl Bowin, and 
Robert Meade are all taking graduate 
work in geology this year. Oreste spent 
the summer studying saline deposits in 
the Saline Valley, California,—in prepa¬ 
ration for his Master’s thesis, which he 
is working on at the New Mexico Institute 
of Mining and Metallurgy. Carl, now at 
Northwestern University, spent the sum¬ 
mer as a field assistant for the Texas 
Company. Bob also did field work last 
summer (suhsurface) for the Shell Oil 
Company, before starting at UCLA this 
fall. 


ment of physics at the University of 
Illinois. 

1951 

Robert John Kurland, who received his 
PhD at Harvard, has been granted a post¬ 
doctoral research associateship by the Na¬ 
tional Bureau of Standards and is con¬ 
ducting a study of free radicals and other 
unstable molecular species using micro- 
w'ave and other spectroscopic techniques. 

Richard A. Hoppin, PhD, is now' an asso¬ 
ciate professor at the State University of 
Iowa. He has been with Iowa State since 
1951. 

Richard Smyth reports a third addition 
to his family; Ernest Paul, who was born 
in October. Rich is with North American 
Aviation now. On the family’s vacation 
last summer, he piloted their Bonanza to 
New York and back. 

James A. Ibers has joined the Shell De¬ 
velopment Company in Emeryville, Cali¬ 
fornia, as a chemist. During the last acad¬ 
emic year, he was a United States Na¬ 
tional Science Foundation Postdoctoral 
Fellow' in Chemistry at the Commonwealth 
Scientific Industrial Research Organization 
in Melbourne, Australia. 


Stephen Pardee, MS ’52, says he “is now 
firmly enclosed in the protective web of 
the U.S. Army. Mary Jo and I are living 
in Falls Church, Virginia (just outside 
Washington, D.C.) and are looking forward 
to seeing Dallas Peck, (BS ’51, MS ’53), 
plus family, who are going to be in this 
area ’til next summer.” 

1952 

Gerald D. Fasman, PhD, has just re¬ 
turned from four years in England, Switzer¬ 
land and Israel where he did post doctor¬ 
ate research. He is currently at the hosp¬ 
ital of the Children’s Cancer Foundation, 
a Harvard research group in Boston. 

Michael J. Callaghan and Richard Dick¬ 
inson have both completed Officer Candi¬ 
date School at Newport, R.I., and are now 
ensigns in the USNR. They are stationed 
at the Naval Air Station in Jacksonville, 
Florida, attending Aviation Ground Offi¬ 
cer’s School. They report that William 
Harris, BS ’49, was also in the same class 
and is now' back in California. 

1953 

Kim Hamberger is at the University of 
Oklahoma studying for an MS in geo¬ 
logical engineering, after spending some 
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| ILLUMINATION EQUIPMENT | 


| INGLEWOOD, CALIFORNIA f ® 


MADE IN U.S.A. 


FOR QUALITY LIGHTING 


SMOOT-HOLM AH 


.ZONE. 


-STATE. 


CRESCENT 

insulated Wires and Cables 


For more than 70 years CRESCENT 
Wires & Cables have played a lead¬ 
ing role in the growth of the electri¬ 
cal industry. Pictured here are just 
a few of the many wires and cables 
made by CRESCENT. 


CRESCENT INSULATED WIRE & CABLE CO. 

TRENTON, NEW JERSEY 


NOVEMBER, 1955 


SIT BACK AIM! RELAX 


Let Calmec Manufacturing Company 
Worry About 

Your Metal Parts and Products 


We have the most modern facilities and most 
complete plant to give you the maximum of 
service, whether it is a small part, a large part, 
or a product from your ideas to the shipped article 
direct to your customers, under your name, from 
our plant. 


CALMEC MANUFACTURING CO. 

Robert A. McIntyre, M.S. ’38 Kimball 6204 

5825 District Blvd. Los Angeles 22, Calif. 


sales offices 
in most 
principal cities 

SAM FRANCISCO 


SMOOT-HOLMAN COMPANY 

P-0. BOX 398 • DEPT. C • INGLEWOOD, CALIF. 
Please send me complete 

lighting literature for: 

□ COMMERCIAL □ INDUSTRIAL 
□ SCHOOL OR INSTITUTIONAL □ FLOOD 


branch office 
and warehouse 















Ph.D. *31 
Technical Director 


Charter Member 
ACIL 
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General Electric’s growth in the next 5 to 10 years pre¬ 
sents outstanding opportunities to engineers in the fields 
of supervision, purchasing, manufacturing engineering, 
production, quality control, and the specialized adminis¬ 
trative functions required to manufacture over 200,000 
products for industry, the home, and defense. 

G.E.’s manufacturing program builds professional 
careers through a series of working assignments geared 
to your interests and abilities. Career potential is varied. 
In this G-E Tri-Clad* ‘55’ motor factory, for example, 
Jim Olin, Cornell ’43 (center, wearing safety glasses) is 
superintendent of one of the most modern manufacturing 
facilities in industry. Accelerated by the trend to continu¬ 
ous processing, facilities such as this at G.E. are raising 
the demand for qualified manufacturing personnel. 

*Reg, trade-mark of G.E. Co. 956-2 

Tigress /s Our Most Important Product 


SEND COUPON FOR COMPLETE INFORMATION 


MR. LAIRD H. WALLACE 
MANUFACTURING TRAINING PROGRAM 
GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, N. Y. 


Please send me bulletin MTP-T7B which describes the 
Manufacturing Training Program. 


College 


Address. 
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